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BINOCULAR SUMMATION IN SCOTOPIC VISION * 


BY DOROTHY SHAAD 
Bryn Mawr College 


Investigations of different aspects of visual perception 
frequently raise the question of whether or not stimuli appear 
brighter when seen with both eyes than when they are seen 
with only one eye. Summation, defined as an additive effect 
occurring within the central nervous system which is mediated 
by binocular perception and characterized by an increase in 
the apparent brightness of a given field, is a factor which may 
influence measurements of visual sensitivity under conditions 
of dark adaptation. The semi-decussation of the optic tracts, 
homolateral parts of the retinae being represented on cor- 
responding cortical hemispheres, is a fact which has led to the 
formation of various theories concerning the interaction of the 
two retinal fields, which, after neural elaboration, are united 
to form a single perceptual field. 

Although the problem of summation has been primary in a 
number of studies, there has been such variation in the 
methods of experiment, combined many times with insufficient 

* This study is condensed from a dissertation prepared under the direction of Dr. 
H. Helson and accepted by Bryn Mawr College in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. Copies of the dissertation are on file at the 
Bryn Mawr College Library. The writer is indebted to Dr. Helson for generous as- 


sistance in the experimental work and constructive criticism in the preparation of the 
thesis. 
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precaution in the making of measurements, that authorities 
have failed to agree as to whether or not summation plays a 
significant role in binocular vision. A survey of the literature, 
since Piper’s earliest comments on the presence of summation 
in scotopic vision (26), reveals over thirty years of varied 
investigation, including both clinical studies and laboratory 
experiments related to the question of summation. The 
consensus of opinion, as evident in the older studies, and as 
supported by such authority as Nagel (19) is that summation 
of brightness exists for scotopic vision. Frobes (14) accepts 
Piper’s statement that summation occurs under conditions of 
dark adaptation; this view is supported, from experimental 
evidence, by a number of investigators, among them being 
von Behr (6), DeSilva and Bartley (9), Feilchenfeld and 
Loeser (11), Lohmann (24), Messmer (25), Roelofs and Zee- 
mann (31) and Stargardt (33). Others, such as Abney and 
Watson (1), Best (7), Downey (10), Graham (15), Miller (26) 
and Sherrington (32) have failed to obtain results which they 
could interpret as indicating the presence of summation in 
binocular observation. 

Although foveal summation has frequently been doubted, 
Cook (5) in a careful study has established the presence of 
binocular summation for central vision in the dark-adapted 
eye. The peripheral regions, unlike the foveal regions which 
have double cortical representation since fibers from each 
macular region go to both hemispheres, are supplied with nerve 
fibers whose elaborations carry them to either one hemisphere 
or the other. Right halves of each peripheral retina are - 
represented in the right cortex; left halves of each retina are 
correspondingly represented in the left cortex (Peter, 27). If 
central summation exists for binocular vision, the stimulation 
of retinal areas which are elaborated in the same central region 
should be more effective than the stimulation of retinal areas 
not elaborated in the same hemisphere. It should be possible 
to demonstrate the existence of binocular summation in 
scotopic vision through a comparison of monocular and binocu- 
lar measurements of liminal light sensitivity of the peripheral 
retina. On account of the lack of agreement among previous 
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studies, in order to clarify the evidence either for or against 
binocular summation, the present study was undertaken. 


EXPERIMENTAL PRECAUTIONS IN THE MEASUREMENT OF 
VISUAL SENSITIVITY 


The method adopted for measurement of liminal sensitivity 
to light under conditions of dark adaptation cannot be de- 
termined without consideration of a number of factors, which, 
if uncontrolled, may obscure the true values. The rapid initial 
increase in sensitivity which occurs in early dark adaptation 
makes it difficult to obtain accurate measurements of the 
threshold until sensitivity has reached a fairly stable level. 
Though dark adaptation has been shown to continue for as 
long as twenty-four hours (Achmatov, 2), there is a relatively 
small change between the level attained after one half-hour 
in the dark and the next hour’s adaptation. Largely because 
of the difficulty involved in making accurate measurements 
at specified intervals during the course of adaptation, it is 
convenient, for any study not concerned primarily with the 
course of adaptation, to stabilize the factor of rapidly changing 
sensitivity to light by the use of a definite period of adaptation 
to precede the measurements made for theoretical use. A 
half-hour period in the dark serves to restore visual purple to 
nearly its maximum concentration so that no influence of 
previous light adaptation on liminal sensitivity can be dis- 
cerned after this period in the dark. 

Since the sensitivity of the dark-adapted eye increases as 
the distance from the fovea is increased, reaching a maximum 
10 to 15 degrees toward the periphery, fixation must be con- 
trolled in order to test a given retinal region. Foveal fixation 
is readily maintained by the use of a cross of red light, since 
form perception (visual acuity) as well as sensitivity to red is 
greatest at the fovea, for scotopic vision. 

The peripheral retina, with its high sensitivity under con- 
ditions of scotopic vision, has a rapid rate of physiological 
adaptation.! Since a light of minimal intensity exposed to 


1*Physiological’ adaptation refers to changes in the end-organ which lessen its 
responsiveness; it is distinguished from the physico-chemical changes of dark adaptation. 
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one retinal region will presently disappear completely, and 
since liminal measurements demand controlled fixation which 
may in itself cause fatigue, the use of sufficient recovery, or 
rest periods during the taking of measurements is necessary. 
A method in which the exposure of the stimulus is at a mini- 
mum, requiring only a short period of steady fixation, is 
preferable to one requiring long fixations. 

Since the size of the pupil for any given individual becomes 
relatively constant after a few minutes in the dark, and since 
the intensities at which the usual studies of dark adaptation 
are made are not great enough to cause any marked pupillary 
changes,” measurements valid for purposes of comparison may 
be made without the use of artificial pupils. 

Spontaneous retinal interference, in the form of the 
““streaming phenomenon,” entoptic colors, etc. may be a 
constant source of inaccuracy in the making of liminal 
judgments of visibility. The autokinetic sensation, which 
may interfere with fixation, is likewise detrimental to good 
observation. These factors necessitate the use of short 
fixations and frequent recovery periods. 

Probably chief among the conditions which should be 
controlled by instruction in reliable work in visual sensitivity 
is that of the criteria of judgment to be adopted. The cri- 
terion of “just visible light” is not sufficient without further 
definition, for, as pointed out by Helson and Fehrer (20), a 
limen for mere detection of light as distinguished from its 
background of darkness is lower than one for recognition of 
geometrical form. In order to reduce the variation resulting 
from the practise of judging without regard for qualitative 
differences in the appearance of the stimull, it is necessary to 
use careful instructions to establish definitely the criteria of 
observation to be used throughout an experiment by the 
different observers. 

Even when the criteria of judgment have been established 


2 Blanchard (8, p. 96) gives a table of pupillary size as influenced by changes in 
illumination. The smallest change in illumination included in the table is from 0.0 ml. 
to .coors ml., causing a pupillary change, both eyes open, from 7.4 to 7.15 mm in di- 
ameter. Threshold sensitivity under dark adaptation is well below the intensity 
.00015 ml. 
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by instruction, an opportunity for the repetition of the same 
test conditions with the same observers is necessary in order 
to rule out the effects of unfamiliarity with the experimental 
procedure. Practise should result in a decrease in the varia- 
bility of observations taken from one observer. Obviously, 
this stabilization of individual reports, which is not an 
habitual, mechanical result of practise, but the effect of a 
better understanding of the experimental situation, will not 
abolish the individual variation characteristic of all measure- 
ment of liminal sensitivity. 

For work in light perception, any instrument which pro- 
vides measurable and standardized continuous variation in 
illumination, from low to high intensities, is efficient. Since 
the visual angle subtended by the stimulus surface, a function 
of the size of the stimulus and its distance from the eye, de- 
termines to a large extent the absolute intensity effective 
under conditions of dark adaptation, this factor should be 
carefully regulated. 

Statistical treatment of data requires a large number of 
observations, necessitating either the testing of many in- 
dividuals, or repeated tests of the same persons. Results 
obtained from single tests of only a few persons, especially if 
the measurements are taken during the course of early dark 
adaptation, are almost certain to be unreliable. 

The method usually employed in investigations of liminal 
light sensitivity is that of gradual increase (or decrease) in 
stimulus intensity until light first appears (or disappears). 
A method which retains the advantages of simple, continuous 
variation, and adds the advantage of brief, controlled exposure 
times, which are desirable for work under conditions of dark 
adaptation, consists of discrete stimulus values, arranged in 
series having physically equivalent intervals, and presented 
in ascending or descending sequence.’ For vision, the series 
may be confined to ascending steps, since after-images may 
result from changes from supraliminal to subliminal intensities 
in descending series. Discrete stimuli, in series of varied 


’ This method, often employed in auditory experiments, has been used in unpub- 
lished studies in vision at Bryn Mawr College. 
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length, with different starting points below the threshold, can 
be used for short exposures. ‘The observer has merely to 
report the presence or absence of sensation. 

Studies in which summation has been considered fre- 
quently reveal failure to control one or more of these condi- 
tions which may easily invalidate the procedure. In many 
cases, too few data are secured to assure statistical reliability. 
In other studies, conclusions with regard to the presence or 
absence of summation have not always been in keeping with 
the experimental data presented. The data of Sherrington 
(32) for instance show a slight excess in brightness of the 
binocular image over the two equal monocular components, 
but central summation is not postulated. 


CONDITIONS OF EXPERIMENT 


The test surface of a Nagel Adaptometer, a standard instrument for measuring 
changes in light sensitivity, was provided with special screens which contained circular 
perforations which served as the light stimuli. The perforations were designed to 
subtend, at a distance of 40 cm from the observer’s eyes, angles of 1, 2, 4, or 8 degrees. 
The center of each spot was 10 degrees from the point of fixation. The size and number 
of test spots will be indicated for each limen. 

The fixation point consisted of a red cross, having an area of 9 sq mm; each arm of the 
cross was 2.5 mmin length and 1 mmin width. The cross, cut in the side of a flattened, 
light-proof cardboard cylinder, was covered with red gelatin and illuminated indirectly 
by reflection from the white inner surface of the cylinder. The light source was a 
flashlight bulb used with 2.5 volts. The cross, in the same vertical plane as the test 
spots, appeared directly before the eyes of the observer, which were kept at a fixed dis- 
tance (40 cm) by means of a stationary headrest. The test spots were at a level slightly 
above that of the fixation light, the lowest spots used being 2.89 degrees above a hori- 
zontal passing through the point of fixation. The arrangement of stimuli, 10 degrees 
from the fixation point and somewhat above it, assured complete freedom from any 
disturbance by cond?tions near the slind spot. The projected blind spots of each ob- 
server as mapped against the actual experimental field were well below and to the side 
of the stimulus spot. 

The central neurological connections which form the theoretical basis for a com- 
parison of monocular and binocular measurements of liminal light sensitivity are shown 
schematically in Fig. I. Left retinal fibers are indicated by solid black; right retinal 
fibers are shown in outline, in order to indicate the semi-decussation of the fibers at 
the chiasm. Homolateral cortical representation in the occipital regions, as well as 





4 For a detailed description of this instrument, Helmholtz (19, pp. 315 ff.) may be 
consulted. The current supplying the light source was maintained at 105 volts by the 
use of variable resistance. By means of the Macbeth I]]uminometer, a correction factor 
for converting the scale values of the adaptometer into absolute intensities in milli- 
lamberts was calculated. This factor was: 4.78 X 107%. 
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the macular fibers passing to both hemispheres from each retina, are omitted from 


+} 
diagram. 


tne 
Figure 1 shows, however, the arrangement of test spots, one on either side 
of the fixation point and of the removable screens (a, b, and ¢) which were provic 


order to vary the conditions of experiment. 


led in 
The screens, supported by a stand before 
the observer’s headrest, were cut from cardboard and were designed in such a way that 


LEFT LIGHT SPOT 
FIXATION } POINT 
\ 
! 
! 


RIGHT LIGHT SPOT 





c REMOVABLE SCREENS 





ee" OPTIC CHIASU 


Fic. 1. Experimental schema and diagrammatic representation of part of the 


visual tract, showing the semi-decussation of the fibers of the optic nerves at the 
chiasm. 


it was not necessary to interfere with binocular foveal fixation of the red cross. 


One or 
more screens could be used at the same time. 


Screen a prevented stimulation of the 
left eye by the left light spot; screen b prevented stimulation of the temporal regions 


of either eye; screen ¢ prevented stimulation of the right eye by the right light spot. 
The retinal regions, indicated by 4, B, a and 8, in Fig. 1, will be referred to by these 
letters, in order to identify the retinal points stimulated under the conditions of experi- 
ment. Various combinations of retinal points simultaneously stimulated will be re- 
ferred to by the use of two or more symbols. 


The following limens for controlled retinal stimulation were measured: 


I. Limens using a single 2-degree light spot. 
1. 4 Monocular; left temporal retina. 


‘ 
2. a 


right nasal retina. 
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3. Ada Binocular; right nasal and left temporal corresponding points. 
B Monocular; left nasal retina. 


Si 


8 sa right temporal retina. 
6. BB Binocular; right temporal and left nasal corresponding points. 
Il. Limens using two 2-degree light spots, one on either side of the fixation point. 


“NI 


AB Temporal non-corresponding points of the two eyes. 

8. Ba Nasal “6 7 ae oe 

9. 4B Monocular non-corresponding points (left eye). 

10. af - es “* (right eye). 

11. 4a BB Binocular corresponding points of the two eyes. 

12. 4BB Monocular non-corresponding points of left eye; right temporal 
retina. 

13. 4a8 Monocular non-corresponding points of right eye; left temporal 

retina, 


Limens g and 10, in which monocular non-corresponding® points were tested, 
constitute an exception in that for these tests it was necessary to employ a special screen, 
set close to the observer’s eye, which obscured the stimuli from the unused eve, but at 
the same time prevented binocular fixation of the red cross. 

I.ach observation period, during which it was possible usually to secure data for 
two limens, was preceded by a 25-minute period of dark adaptation. A peripheral 
region 10 degrees from the fovea was chosen for making the liminal measurements, 
since this area has been shown (Wolfflin, 34) to be of maximum sensitivity under condi- 
tions of dark adaptation. 

The normal pupil was used since the stimulus intensity, which was never greater 
than .00001336 ml., was insufficient to cause significant variation in pupillary size 
(see note 2). The brightness of the fixation light, a constant factor, was too low to be 
measured by the Macbeth Illuminometer. 

For the following experiments, five observers, including the experimenter, were 
employed: V. Balough (B), graduate student in psychology; E. Fehrer (F), graduate 
student in psychology; Dr. H. Helson (H), professor of psychology; D. Shaad (S), 
experimenter; Dr. W. Turner (T), instructor in psychology. Each observer had had 
previous experience in visual experiments. 


PROCEDURE AND RESULTS 


The first procedure used in obtaining limens consisted of gradual, continuous in- 
crease in the intensity of illumination, controlled by the observer himself, until light 
(not form) was reported as ‘just visible.’ The threshold values, determined by averag- 
ing the judgments of just visible light in 50 trials, showed wide dispersion. This pro- 
cedure, frequently employed in studies of liminaf light sensitivity, proved unsatisfactory 
because, though variations were usually in the same direction for the different ob- 
servers, differences were not statistically reliable. Adaptation to subliminal stimula- 
tion, combined with long fixations and irregularity in the rate of increase of stimulus 
intensity were considered major factors responsible for the instability of the results 
obtained by this method. 


In the second procedure, short exposures of discrete stimulus intensities were used 





5 *Non-corresponding’ is used here with reference to retinal regions centrally pro- 
jected on different hemispheres, regardless of whether the retinal areas stimulated are 
situated on either side of the same retina, or one on each retina. 
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in ascending series; the observer reported the point at which light first became visible. 
The short exposures gave less time for adaptation and prevented loss of fixation or eye 
movements likely to accompany long fixations. There was no variation in rate of 


‘ 


change of intensity among the different observers by this method, since the observer 
was required merely to fixate at the signal ‘Ready’ and report the presence or absence 
of the stimulus following the ‘ Now’ signal given by the experimenter. ‘The stimuli were 
exposed for approximately 2.5 seconds by means of a movable screen placed in front 
of the test surface of the adaptometer and controlled by the experimenter. The stimu- 
lus values, in terms of scale values of the adaptometer were arranged as follows: 0, 10, 
50, 100, 200, 300 and up, in steps of 100. Stimulus values were presented in ascending 
series until one was reached at which light was visible. The irregular low values, 0, 10, 
and 50, were used for convenience in adjusting the length of the series used for limens 
which were near the lower end of the scale. 

Twenty-five ascending series were used for each limen, which was taken as the 
average illumination value at which light was reported. Exposure series were varied 
in length, having from 2 to 8 members; intensities were always increased in regular 
order except in case of ‘doubtful’ judgments when a given stimulus value might be 
repeated. The subliminal starting points of the series were of course unknown to the 
observers. 

The superiority of the second procedure was immediately 
evident in the reduction in dispersion for the threshold values 
obtained with its use. The absolute levels of liminal sensi- 
tivity were, by the use of the short exposure method, greatly 
reduced. In some cases the liminal values for the same ob- 
server, under the same conditions as used in the first method, 
were as much as 50 percent lower when measured by the 
second procedure. ‘This general reduction in thresholds, while 
it did not eliminate individual differences, served to bring the 
results of the different observers closer together, since the 
larger reductions in threshold level occurred for those ob- 
servers who had shown the highest limens by the first method. 
The change in threshold was due not to a subjective change in 
criteria of judgment, but to the brief exposures which did not 
allow time for adaptation or fatigue in making the measure- 
ments. 

Limens, and sigmas of the distributions, for monocular and 
binocular observation of single 2-degree stimulus spots, are 
given for each observer in Table I. As evident from the in- 
dividual values, or from the averages, the limens for binocular 
observation (stimulation of retinal regions 4a or BB) are con- 
sistently lower than those for monocular observation (stimula- 


tion of single retinal regions, 4, a, B, or 8). The sigmas are 
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TABLE I 
LLiMENS, AND SIGMA OF DistRIBUTIONS (a), FOR SINGLE Lint STIMULUS OF 2 DEGREES 
VisuaL ANGLE 


(To convert values to millilamberts, multiply by 4.78 & 107) 








Retinal Regions Stimulated, and Sigma 























A o a a Aa o B o B o Bg cg 
B........| 296} 99 | 340 | 129 | 240] 98 | 360] 103 | 32 106 | 272 go 
........] 776 | 132 | 684 | 122 | 484 | 961 736] 97 | 814] 177 | 592 93 
ich enkas 620 | 113 | 616 | 118 28 76 |1,120| 187 | g04 | 126 | 788 76 
S.....ee-] $36 | 93 | 412 | 147 | 230 | 130 | 416] 100 | 472 | 141 | 264 5 
, eee 436 | 132 | 408 | 126 | 276 | 120] 456] 136 | 544 | 217 | 318 | 135 
Averages.| 512 492 331 617 611 446 









































somewhat lower for binocular observation, indicating less 
irregularity in judgments made with both eyes. As shown in 
‘Table II, which gives the actual differences, the standard error 
of each difference, and the critical ratios for monocular and 
binocular observation, the difference in favor of greater 


TABLE II 


Actua. DirrereNceE (D), STANDARD ERROR OF THE DIFFERENCE (o diff), AND Crit- 
IcAL Ratios (D/o diff) BETWEEN MoNocuLaR AND BINOCULAR OBSERVA- 
TIONS OF A SINGLE Licut Spot 








Observers 








Retinal points: 
A and da 

















7 rer 56.0 292.0 192.0 206.0 160.0 

re rae er 27.8 32.6 27.2 31.9 35.6 

PE hat keeesant ans 2.0 8.9 7.0 6.4 4.4 
aand da 

PCC CECCCT TTT 200.0 188.0 182.0 132.0 

 kaeg ha iabs medics 32.4 30.1 24.2 39.2 34.8 

SE bik ebseos ahean 3.0 6.6 7.7 4.6 3-7 
Band BB 

Dns Baas ea aa ae eA 88.0 144.0 332.0 152.0 138.0 

ee 27.4 26.8 40.3 23.0 38.3 

Ree 3.2 5-3 8.2 6.6 3.6 
Band BB 

eh be adiek sae koe 52.0 222.0 116.0 208.0 226.0 

Ce oskinkts Mitieeres 4 27.8 39-9 29.4 31.0 51.1 

Dio diff... 1.8 5-5 3-9 6.7 4-4 
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binocular sensitivity is, in 18 out of 20 cases, significant. In 
the two cases in which the critical ratios were not large enough 
to meet the criterion of significance, the difference was in the 
same direction as that of the significant differences. 

The percentage reduction in the stimulus intensity effective 
for binocular observation, compared with monocular observa- 
tion, is presented for each observer in Table III. The values 

TABLE III 
PERCENTAGE RepuctTion 1N Stimutus INTENSITY FOR BrinocuLAR OBSERVATION 
(RetinaL AREAS 4a or BB) or SincLte Licut Spots as CoMPARED WITH 


MonocuLaR OBSERVATION OF THE SAME Spots (RETINAL 
Areas 4, a, B, B) 


% Reduction for Aa ™% Reduction for BB 

Observers (Compared with A & a) (Compared with B & B) 
ereer es 20 
Peek bndbddked da onnn eee 23 
Dbadabdtasienehase eee 30 22 
ib eithe tek ecubess sce 40 
Dirichentetstebnckdcwnell 36 
Averages....... .30 28 


were calculated by the use of a formula suggested by Laird 
(22).7. The range in percentage reduction of stimulus values, 
for the five observers, is from 20 percent to 40 percent, the 
average being 29 percent. 

Table IV presents the data obtained from the use of two 


TABLE IV 
LImMENS, AND SIGMA OF DistrIBUTIONS (¢), FOR Two Licut STimuLI or 2 Decrees 
VisuaL ANGLE 




















Retinal Regions Stimulated, and Sigma 
Observer 
AB o Ba o AB a ap o = g ABB| o |AaBli oa 
aries ccasaion 314 | 103 | 340] 128| 316] 89] 346] 91] 232] 78/284] 96] 316] 122 
F...........] 814] 121 | 784] 118 | 836] 171 | 628] 63) 464] 101] 712] 114 | 664] 109 
H..........]| 840] 160] 880] 128 | 640] 101 | 660| 132| 388] 83] 580] 105 | 612] 142 
S......22---] 316] 83] 302] 145] 300] 93] 260} 89] 312] 81] 384] 115] 432] 125 
T..........-| 648 | 174] §72| 118] 436] 144] 716] 135 | 500| 146] 416| 100] 614| 221 
Averages... .| 586 575 505 522 379 475 527 


















































6 The formula for critical ratios was: Diff./o diff., where o diff. = Vo? av.1+ 7 av. 2. 
The criterion of significance was: Diff./a diff. > 3. 
(RL, + RLp) — RLiusn 





4 


(RLi + RLpR) 
2 





7 Laird’s formula is: 100 





RLy = threshold for left retina; RLg = threshold for right retina; RL, = binocular 
threshold. 
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2-degree light spots, one on either side of the visual field, 1o 
degrees from the point of fixation and so arranged that retinal 
areas having non-identical neurological elaboration could be 
stimulated. Thresholds are given for the intensity at which 
both stimuli were simultaneously visible. Limens for retinal 
areas AB, aB, AB, and Ba, non-corresponding points, are 
approximately the same as the values for the perception of a 
single spot seen monocularly (4, a, Bor 8B, in Table I). For 
both sets of limens, the central projections are such that only 
one hemisphere is affected by each stimulus. The use of two 
stimuli, doubling the retinal areas stimulated, is ineffective in 
lowering the threshold when those areas are not connected 
with the same central region. 

The values in Table IV show that there is no great differ- 
ence in the limens obtained for retinal areas located on each 
side of the same eye (4B or a8) and those for non-correspond- 
ing points of the two eyes (48 or Ba). When both stimuli 
are exposed to both eyes, (daBB) the reduced limens demon- 
strate that binocular observation is as effective in lowering the 
threshold for the use of two separated stimuli as it was in the 
case of only one stimulus. 

For the limens 488, and da, conditions were such that 
one spot was seen monocularly and the other binocularly. 
The stimulus seen with both eyes was frequently remarked to 
be more stable, brighter, and easier to observe than the one 
seen monocularly. The observers were not aware of the 
conditions. Both stimuli were often reported at the same 
intensity, though when one appeared first, it was usually the 
one seen binocularly. No direct comparison of the two spots 
was required of the observers, since the stimuli were separated 
20 degrees in the visual field and hence would be difficult to 
judge as to comparative brightness at threshold intensities. 

Of interest is the fact that the average limen for the 
stimulation of three retinal regions, 505 (488 and da®), lies 
between the average limen for two retinal regions, 547 (4B, 
a8, 48, and Ba), and that for four retinal regions, 379 (4daB~g). 
The last limen (4aBB) shows a typical binocular reduction of 
30 percent when compared with the average limens for 4B, 
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a8, 4B8,and Ba. If the reduction in threshold value shown by 
stimulation of three retinal regions is of significance, it may be 
an indication of some type of retinal facilitation resulting from 
simultaneous stimulation of both sides of one retina, or of some 
interaction between the two hemispheres. 

Since the effective intensities for binocular observation are, 
on the average, 30 percent lower than those for monocular 
observation, and since the stimulation of non-corresponding 
points does not lower thresholds, there is evidence of central 
summation for binocular perception of liminal light stimuli. 

The known inverse relationship between stimulus area and 
threshold intensity under conditions of dark adaptation 
(summarized by Adams, 3) made it necessary to determine 
whether or not stimulus size may influence the reduction in 
intensity present in binocular observation of a stimulus area. 
For three observers, a series of monocular (4) and binocular 
(da) limens was measured for stimuli of 1, 4, and 8 degrees’ 
visual angle, to supplement the data for 2-degree stimuli. 
The data in Table V, showing the limens and the sigmas of the 

TABLE V 


MonocuLaR AND BrinocuLar LIMENS, AND SIGMA OF THE DIsTRIBUTIONS (0) FOR 
STIMULI OF I, 2, 4, AND 8 Decrees ANGULAR DIAMETER 


























Angular Diameter 
Retinal 
Observer Region 
ig o ” og Pa oe 8° a 
_ A 1,124 | 122 | 296 | 99 | 168 2 ]/3158] 2 
Aa 788 | 139 | 240 | 98 | 134] 39 99 | 31 
oe A 2,668 | 250 | 776 | 132 | 368 | 59 | 2741 34 
Aa 1,476] 181 | 484 | 96 | 224 2 | 129] 28 
i. . A 2,060] 179 | 620 | 113 | 308 | 71 | 214 | 32 
Aa 1,452 | 110 | 428 76 | 210 | 46 | 177] 31 
Averages....... A 1,950 564 281 215 
Aa 1,238 384 189 135 


























distributions for 4 and Aa, for angular diameters of 1, 2, 4, 
and 8 degrees, indicate that there is a reduction of effective 
intensity as the size of the stimulus is increased, the largest 
absolute reduction occurring for the increase from I to 2 
degrees.* For each increase in stimulus size, as shown by the 


8 For 4- and 8-degree stimuli, the low threshold values made it necessary to use a 
series of stimulus intensities having smaller differences than those for limens of 1- or 
2-degree stimuli. 
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average values in Table V, there is a reduction in liminal 
values for both monocular and binocular perception. The 
absolute difference between the average thresholds for mo- 
nocular and for binocular observation becomes smaller as the 
stimulus size is increased, but the relative reduction remains 
approximately the same for each stimulus size. The average 
values from Table V, when plotted in graphic form, yield 
curves which are best described by a rectangular hyperbolic 
function. As the stimulus size is reduced, the intensity 
necessary for sensation becomes extremely high. The fact 
that the largest absolute differences between monocular and 
binocular limens occur for the smaller stimulus areas indicates 
that with the use of less accurate measuring instruments, the 
differences would be more easily demonstrated for small 
stimuli. With the use of extremely large stimuli, aside from 
the difficulty offered by the varying sensitivity of the pe- 
ripheral retina, interference of the blind spot, etc., difference 
between monocular and binocular thresholds would be almost 
impossible to demonstrate because of the small absolute differ- 
ences in the limens. 

The greater effectiveness of a stimulus having a large 
angular diameter was demonstrated by the use of two unequal 
stimuli. A 2-degree stimulus was presented on the left side of 
the field of vision while a 1-degree stimulus was presented on 
the right side of the field. When binocular observation was 
used, the larger of the two stimuli was usually reported first. 
Two limens were calculated from the data obtained under 
these conditions: one for the point at which the larger spot was 
reported and one for the point at which the two were simul- 
taneously visible. Data are given in Table VI. The inten- 
sities at which both stimuli were perceived together were lower 
than the intensities at which, in the previous tests, the 1-degree 
stimulus, observed binocularly, was reported visible. In other 
words, a I-degree stimulus is perceived at a lower intensity 
when a 2-degree stimulus is presented simultaneously on the 


® The values obtained (method of least squares) for the function Y = 1/hX showed 
the relationship between angular diameter of the stimulus (X) and threshold intensity 
(¥) to be well represented by this formula. The constant () for monocular data was 
.00065; for binocular data, it was .oorol. 
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TABLE VI 
LiMENS FOR SIMULTANEOUS PRESENTATION OF UNEQUAL STIMULI (1-DeGREE StimMu- 
LUS ON THE RIGHT OF THE VISUAL FIELD; 2-DEGREE STIMULUS ON THE 
LEFT OF THE VISUAL FIELD) 


Intensity at Which 2-Degree Intensity at Which Both 

Stimulus was Reported Stimuli were Reported 
Observers (BB) (AaB) 
Da kibs ska see he Coe 392 
Te sadaep ewan es onal 1116 
er re omer, 864 


opposite side of the visual field. When conditions were such 
that the smaller of the two stimuli was seen binocularly while 
the larger was seen monocularly, the larger 2-degree stimulus 
remained dominant. Even though the smaller spot (1- 
degree) was seen with both eyes, it did not equal either in 
retinal area affected or in apparent brightness the larger spot 
which was exposed to only one eye. The dominance of the 
larger stimulus under these conditions might be shown in one 
of two ways: either the 2-degree spot was invariably reported 
at a lower intensity than the I-degree spot, or the two were 
seen at the same intensity but the larger spot was reported to 
appear brighter than the smaller. 

Since an increase in the area of a light spot reduces the 
threshold intensity under certain conditions, and since Granit 
(16) and others have demonstrated a considerable amount of 
interaction between different areas of the same retina, a 
series of limens was determined for two discrete 2-degree 
stimuli presented in the upper right quadrant of the visual 
field. ‘Two such spots should affect the same hemisphere 
though not necessarily the identical central region; summa- 
tion, if demonstrated, might be either central or purely 
retinal. Results for discrete stimuli, separated 3 or 5 degrees 
from one another, and Io degrees from the fixation light, are 
given in Tables VII and VIII. These tables present data for 
the intensity at which light was first reported and also for the 
point at which the two stimuli were recognized as discrete. 
Qualitative reports were analogous to those often given in 
measuring the two-point limen for cutaneous sensitivity: first 
a diffuse sensation (‘light,’ ‘cloud,’ ‘fog’) followed by linear 
extension (‘one spot extended,’ ‘line of light’); then, at a 
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TABLE VII 


Limens FoR Licut Perceprion, AND FOR DiscRIMINATION OF Two StimuL! as Dis- 


CRETE Spots (Two 2-Decree StTimuui, SEPARATED 5 DEGREES) 





| 





Monocular 


(Retinal Region A) 


Binocular 


(Retinal Regions Aa) 




















Observer 
Light 2 Discriminated Light 2 Discriminated 
B 568 784 256 456 
eee 00 g16 552 756 
_ ae 614 868 340 576 
Averages. stalin) ae a 660 856 382 596 





TABLE VIII 


Limens FoR Licut PERCEPTION, AND FOR D1IscRIMINATION OF Two STIMULI As Dis- 


CRETE Spots (Two 2-DeGree Stimutt, SEPARATED 3 DEGREES) 








Observer 





Monocular 


(Retinal Region A) 


Binocular 


(Retinal Regions Aa) 








Light 2 Discriminated Light 2 Discriminated 
_ eee eee eee 452 729 368 580 
Tee ere eter 436 1144 480 628 
ree err re 484 684 380 492 
Averages........... 457 852 409 566 




















higher intensity, two points of light connected (‘dumb-bell’) 
and finally, a differentiation of two definite light spots. As 
shown by the data in Tables VII and VIII, binocular observa- 
tion gives lower limens both for light perception and for 
discrimination of the two discrete spots than monocular obser- 
vation, indicating that the summation typical of binocular 
perception is present. Had there been either retinal or 
central summation resulting from the use of two stimuli on the 
same side of the visual field, the limens for light perception 
should have been lower than those in which light of a single 
2-degree stimulus was reported. A comparison of the average 


values of 4 and Aa, from Table I, and the average values for 
light perception in Tables VII and VIII makes it evident that 
an increase of area by increasing the number of discrete 
stimulus spots is, under these conditions, not effective in 
lowering the threshold values. 

A number of investigators, including Johannsen and Crook 
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(21) have reported a difference in sensitivity of the two sides 
of the retina. Usually either the nasal or the temporal regions 
have been reported more sensitive, but a comparison of the 
average values in Table I shows that the left halves of each 
retina (left temporal region 4, and right nasal region a) are 
superior to the right halves of each retina under our conditions. 
Likewise, the average limen for the stimulation of correspond- 
ing points by a stimulus on the right side of the visual field 
(4a) is lower than the average limen for a stimulus on the left 
side of the visual field (BB). The differences are not sta- 
tistically reliable but they indicate, rather than a difference 
between nasal and temporal regions, a difference between 
homonymous retinal halves. In terms of cortical projection, 
excitation of the left hemisphere seems to occur at a lower 
intensity than the excitation of the right hemisphere. The 
observers were all right-handed; three of them were right-eyed 
and two were left-eyed. Franz (13) who used the learning of 
figures as a test, found no consistent superiority of the halves 
of the retinae which under the commonly accepted theory of 
left cerebral dominance in right-handed persons should have 
been superior. On the basis of data from only five observers, 
there is no justification for concluding that there is any definite 
superiority of sensitivity for the retinal halves which are in 
communication with the cerebral hemisphere supposedly 
dominant, in motor activities, for right-handed individuals. 


CONCLUSIONS 


In order to determine whether or not there is binocular 
summation in the perception of light by the periphery of the 
dark-adapted eye, a systematic variation in the conditions of 
monocular and binocular observation was carried out. Since 
the peripheral retina reaches a rather stable level of sensitivity 
after 20 to 30 minutes in the dark, with careful control of the 
region of the retina used, successive tests made during different 
periods of observation could be compared. A method con- 
sisting of short exposures of discrete stimulus intensities used 
in ascending series was found satisfactory. 

The results of the experimental investigation of thresholds 
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for light perception by the periphery of the scotopic eye may 
be summarized briefly: 

1. Limens for perception of single light spots of 1, 2, 4, or 8 
degrees visual angle, 10 degrees from the point of fixation, are 
invariably lower for binocular observation than for monocular 
observation. The stimulus intensity for binocular thresholds 
is approximately 30 percent lower than that for monocular 
thresholds. This indicates a definite central summative 
effect. 

2. The use of two light spots, for stimulation of non- 
corresponding points of the two retin, or stimulation of both 
sides of the same retina, results in liminal intensity values 
approximating those for monocular thresholds, giving no 
evidence of summation. When both stimuli are exposed to 
both eyes, there is an average reduction of 30 percent in the 
threshold value, indicating again that summation is mediated 
by binocular observation. When one of two stimulus spots is 
seen binocularly and the other monocularly, there is a slight 
reduction in the threshold intensity for simultaneous per- 
ception of both spots from that required for perception of both 
spots by non-corresponding points of the retine. 

3. Increase in the angular diameter of a stimulus results 
in decrease of the threshold intensity for the dark-adapted eye. 
The fact that binocular limens are lower than monocular 
limens for each stimulus size (1, 2, 4, or 8 degrees) used, 
indicates that summation is not limited to stimuli of small 
visual angles. As the stimulus size is increased, however, the 
difference between monocular and binocular limens, in abso-. 
lute intensity values, becomes smaller and it is therefore more 
difhcult to demonstrate central summation for large areas. 

4. When stimuli of unequal area are presented simul- 
taneously on either side of the visual field, for binocular 
observation, the larger area is dominant: either it is seen at a 
lower intensity than the smaller stimulus, or it is reported to 
appear brighter and more stable at the threshold intensity 
than the smaller stimulus. The reduction in intensity result- 
ing from central summation for binocular observation of a 
1-degree spot is not sufficient to overcome the dominance of a 
larger 2-degree spot presented monocularly at the same time. 
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5. Increase in area by the use of two discrete stimulus 
spots, separated 3 or 5 degrees, presented in the same quadrant 
of the visual field, gives no reduction in threshold values for 
monocular perception. A summative effect for both light 
perception and for discrimination of discrete stimuli as 
separate spots of light was demonstrated for binocular observa- 
tion of discrete stimuli. 

6. Although there was some evidence of a superiority of 
left homonymous retinal halves, it was not sufficient to indi- 
cate decisively that there is left cerebral dominance in the 
visual perception of right-handed individuals 


THEORETICAL DISCUSSION 


A consistent reduction of about 30 percent in the intensity 
for binocular thresholds as contrasted with monocular 
thresholds, demonstrated only when corresponding points of 
the retine, and hence identical central regions, were stimulated 
has been interpreted as an indication of central summation. 

Lower binocular thresholds have been attributed by 
Miller (26) to ‘greater ease’ of binocular observation, but 
under conditions in which binocular fixation is used, this 
would not suffice to explain a significant reduction in the 
binocular threshold: binocular summation may in itself 
contribute to the greater ease of observation with both eyes. 

Although under normal conditions there is usually su- 
periority of binocular acuity, as shown by Ferree, Rand and 
Buckley (12), the measurements made under the conditions 
of the present study, with advanced dark adaptation and 
peripheral observation probably involve photochemical sensi- 
tivity rather than resolving power of the eye.!” 

A number of investigators, including Hecht (17), Heinz 
and Lippay (18) and Lasareff (23) have emphasized the 
importance of the number of excited retinal elements in 
various visual functions. Hecht uses this as a basis for an 
explanation of acuity as a function of the illumination, 
differences in intensity being assumed to be correlated with 


10 Reeves (30, p. 142) states that the threshold for dark adaptation gives the ab- 
solute photochemical reactivity of the retina. 
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differences in the number of activated retinal elements. 
Lohmann, (24) who suggested that summation in binocular 
observation is a matter of increased retinal excitation, has 
attempted to apply the inverse relationship between stimulus 
area and threshold intensity in an explanation of lower 
binocular thresholds. According to Lohmann, binocular 
stimulation results in the excitation of non-identical retinal 
regions which is equivalent to an increase in stimulus area 
and thus accounts for the lower thresholds. This hypothesis 
would imply that, centrally, it is the stimulation of non- 
identical rather than identical regions which mediates lower 
thresholds: therefore, excitation of non-corresponding points 
should be as effective as stimulation of corresponding points 
of equal area. It has been shown, however, that when 
equivalent retinal areas are stimulated, summation does not 
occur unless some of the retinal elements stimulated are 
corresponding points exciting identical, or nearly identical, 
central regions. 

The concept of number of excited sensory elements, 
inadequate to explain central summation, would be equally 
inadequate to explain the lowered threshold values resulting 
from increase in stimulus area. If merely the number of 
excited elements were significant, it would be immaterial 
whether the increase in area occurred by enlarging a single 
area or by addition of another discrete area. ‘The decrease 
in threshold intensity accompanying the increase in stimulus 
area, demonstrated by Piper (29) and others has been found 
also by Adrian and Matthews (4, Part 1) in studies of action’ 
currents in the excised eyes of eels. An increase in area is 
equivalent to raising the intensity of the stimulus. Im- 
pulses may be summated on the way to the optic nerve, an 
effect described by Granit (16) as synaptic reaction, or 
‘spatial summation’ effected through horizontal cells, ama- 
crines, and cells of the ganglionic layer which furnish lateral 
junctions. Granit has defined the summative effects such 
as those of Adrian and Matthews as ‘The physiologic ex- 
pression of the anatomic convergence of a number of paths 
to a common neuron.’ It seems possible that the summation 
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resulting from binocular stimulation is likewise to be ex- 
plained on the basis of the union of impulses from several 
regions. It is certain that the summative effects demon- 
strated for binocular stimulation cannot be accounted for 
without reference to the central regions involved. 

Since it becomes more difficult to measure differences 
between monocular and binocular thresholds as the stimulus 
area is increased, on account of the small absolute difference 
between the two thresholds, it is possible that maximum 
stimulation from one eye would prevent a reduction in 
threshold intensity by additional excitation of the same 
central region by impulses from the other eye. This may 
explain why summative effects have not been satisfactorily 
demonstrated except for minimal intensities, and have fre- 
quently been reported as not existing under conditions of 
photopic vision. 

The manner in which summation occurs remains a matter 
of speculation until more complete information concerning 
the combination of impulses within the central nervous system 
can be secured. If there is a spatial representation of periph- 
eral retinal regions in the visual cortex, or in sub-cortical 
areas, stimulation of corresponding retinal points, resulting 
in concentration of central excitation effected through diver- 
gent peripheral regions, may account for summation. 


(Manuscript received May 31, 1934) 
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THE RELATIONSHIP BETWEEN TIME SPENT IN 
THE CULS-DE-SAC OF A STYLUS MAZE 
AND SPEED OF ELIMINATION 


BY HENRY N. PETERS AND JOHN A. McGEOCH 


University of Missourt 


PROBLEM 


The operation of the time factor in the acquisition of 
human skill has previously been studied only with reference 
to the performance of the total act. In the case of the maze, 
for instance, the only time that has attracted any notice has 
been the interval between the starting point and the entrance 
into the goal box. It was the purpose of this experiment to 
make an analytical study of the time factor in the learning of 
a skilled act by investigating the time relations which ob- 
tain within the learning process.1 The experimental method 
was particularly devised to make possible a determination of 
the relation between varying intervals of time spent in the 
blind alleys of a stylus maze and the difficulty of elimination. 

The procedure usually employed in studies of the influence 
of a specific factor upon learning is that of dividing the sub- 
jects into groups and forcing upon each group of learners a 
variation of the factor to be studied. Treatment of the data 
is then a matter of comparing the results obtained for differ- 
ent groups. In the present experiment the subjects were 
neither divided into groups nor were varying conditions 
forced upon them. Careful records were taken for each sub- 
ject and the condition to be investigated, 1.e., the interval of 
time spent in the alleys, obtained in this fashion was then 
studied for its own sake. 


Method.—The maze pattern used in this experiment was an exact reproduction of 
Warden’s 10-alley maze (Pattern 1).2. The alleys were cut } inch in width out of bake- 





1 For a previous report of one phase of the findings of this study, see J. A. McGeoch 
and H. N. Peters, An all-or-none characteristic in the elimination of errors during the 
learning of a stylus maze, J. Exper. PsycHo.., 1933, 16, 504-523. 

2C. J. Warden, Primacy and recency as factors in cul-de-sac elimination in a stylus 
maze, J. Exper. Psycuou., 1924, 7, 98-116. 
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lite and mounted on a base of smooth bakelite. Brass contact points at the appropriate 
places and with the necessary electrical connections made it possible to record exactly 
the length of time spent by the subject in each alley. For a detailed description of the 
apparatus used in the experiment, the reader is referred to the previous report by the 
same authors in this journal.$ 

Thirty college students of an average age of twenty years, none of whom had seen 
a stylus maze before, were used as subjects. The subject was seated behind a screen 
which totally concealed the maze and recording apparatus, and the customary maze 
instructions were read to him. The learning process was continued until the criterion 
of three perfect trials in succession was reached. No attempt was made to hinder the 
subject from retracing in the true path of the maze; however, for this study retracings 
were not counted as errors. As the subject ran the maze, the experimenter recorded 
the number of each blind alley, as it was entered, directly above the corresponding in- 
denture made by the recording pen on the moving band of paper. This record made 
possible the determination, to a fifth of a second, of the time spent by each subject in 
each cul-de-sac entrance. The beginning and end, as well as the total time in seconds, 
of each trial were also designated on these records. 

The organization of the raw data consisted of the task of counting and recording 
in tabular form the intervals of time spent in each cul-de-sac entrance and arranging 
them for each subject according to the trial and the serial number of the blind alley. 
In addition, these tabular sheets contained the usual maze data. From these sheets, 
of which there was one for each subject, master sheets were compiled to indicate the 
average entrance time for each subject for all alleys and for each of the ten individual 
alleys, with corresponding figures for various criteria of difficulty of elimination, such as, 
number of entrances, number of trials, and total time. Similar master sheets were 
made for each of the ten individual blind alleys, showing the average entrance time for 
each alley, with corresponding figures for the various criteria of its difficulty of elimina- 
tion. 


RESULTS 


I. The Relation between the Length of Time Spent in the 
Blind Alley and Difficulty of Elimination.—Coefficients of 
correlation 4 constitute the chief evidence presented in this 
paper for a functional relationship between time per error and 
difficulty of elimination. The two variables represented in 
each correlation are mean blind alley time and a measure of 
rate of learning, or of difficulty of elimination. These two 
series of variables were determined for all the alleys taken 
together and for each blind alley individually. In the former 
case, the blind alley time was found for each subject by divid- 
ing the total time spent in all blind alleys by the total number 
of entrances; this was correlated with measures of rate of 


8 J. A. McGeoch and H. N. Peters, op. cit. 

4 All the coefficients of correlation listed in the following results were obtained by 
the Spearman rank-difference method and transposed into Pearsonr’s. In transposing, 
the size of the coefficients was increased very little, at the most three one-hundredths. 
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learning the total maze pattern. Table I shows the resulting 
coefficients for three measures of learning. The number of 
cases here is the number of subjects (30). The coefficients 
presented in this table (and another set to be presented later 
in Table III) are considered more important than those for the 
individual alleys, because the extraneous factors operating 
in the case of any one alley should balance out when all ten 
are considered in composite. 

These figures show an inverse relation between the length 


TABLE I 
CoeFFICIENTS OF CORRELATION BETWEEN MEAN TIME PER SuBjEcT IN ALL BLIND 
ALLEYS AND THREE MEAsuRES OF LEARNING OF THE TOTAL PATTERN 


: Measures of Learning 
Number of Trials Number of Errors Total Time 


r= — 0.59 = .o8 r= — 0.45 = .10° r=-+0.20 = .12 


of time spent in blind alleys and the difficulty of learning the 
maze. In other words, the longer the mean cul-de-sac time, 
the greater the ease of learning the maze pattern. Since the 
first two of the correlations are fairly high numbers, and are 
more than four times their P.E., the tendency which they 
show may be accepted as valid. Investigation of the variables 
of the third coefficient will convince the reader that its impli- 
cations are in accord with the others. In the first place, 
there is a spuriousness in this correlation. Both of the 
variables have to do with the relative length of time spent 
in the learning of the maze. If a subject spends long periods 
of time in the blind alleys, these periods accordingly lengthen 
his total time. In the second place, and as will be brought 
out later in this paper, there is practically a constant ratio 
between time in alleys and time in the true path for all sub- 
jects, 1.¢., a subject spending long periods of time in the 
alleys also spends relatively long periods of time in the true 
path. ‘Taking these two factors into consideration, the re- 
markable thing is that this coefficient is not a high positive 
one. 


5 This is not a case of spurious index correlation, because the number-of-errors fac- 
tor, which is denominator in the average time per entrance variable, is a variable 


quantity. 
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Table II shows correlations computed for each of the ten 
alleys instead of all of the alleys taken together. The first 
column shows the number of the alley; the second column, 
the coefficients of correlation between mean time per entrance 
and the number of entrances into the alley during learning; 
the third column, the coefficients between mean time per 


TABLE II 


CoEFFICIENTS OF CORRELATION BETWEEN MEAN TIME PER ENTRANCE AND THREE 
CRITERIA OF DIFFICULTY FOR INDIVIDUAL ALLEYS 














r between Mean Time per Entrance and 
Alley No. 

Number of Trials to Trials to Five 

Entrances ¢ Eliminate Perfect Runs 
ee —.35.11 —.41.10 — .05 +.12 
eer +.09+.12 +.17.12 +.15%.1 
Ill —.33.11 — .41.10 — .21%.12 
IV — .59+.08 — .41.10 — 54.09 
V — .06+.12 — 16.12 —.12.12 
_ rer —.42.10 — 39.10 — 19.12 
ae —.19+.12 — 36.11 +.07+.12 
i Fer +.31.11 +.21+.12 +.33+.11 
IX — 51.09 — 39.10 — 38.10 
. errs +.01+.12 —.25%.12 —.15*.12 














6 See footnote 5. 


entrance and the number of trials (for the total maze pattern) 
to eliminate the alley, z.¢., number of trials beyond which the 
alley was not entered; the fourth column, the coefficients 
between mean time per entrance and the number of trials 
(for the total maze pattern) to eliminate the alley for five 
consecutive runs. This last criterion for an individual alley 
of avoidance for five successive trials was deemed important, 
because, as the records show, an alley was often eliminated for 
five or more successive trials early in learning only to be 
subsequently entered for several trials before being eliminated 
a second time. 

These figures, on the whole, support those for all the alleys 
treated as one. The relation, if any, between blind alley 
elimination and entrance time would be expected to show 
itself less in the case of the separate alleys because of the 
extraneous factors, especially serial position effects, operating 
differently for the different alleys. Alley II and alley VIII 
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are the only ones showing consistent positive correlations; 
those for VIII are the only large positive correlations, and 
only one of these is three times its P.E. There is no apparent 
reason for the diversion of coefficients for this alley from the 
general tendency. Alley VIII was one of the most difficult 
in the whole maze for the subjects to eliminate. 

The r’s between mean time per entrance and trials to 
five perfect runs tend to be of less significance than the others. 
This is perhaps due to the unreliability of five perfect trials as 
a measure of relative difficulty. As the data show, a subject 
quite frequently succeeded in avoiding an alley for five or six 
trials only to return to it with even greater consistency later 
on. However, the variations in the coefficients of Table II 
are not a result of chance entirely. ‘The remarkable feature 
of the table is the relative consistency of the figures opposite 
the individual culs-de-sac. When the coefficients in each 
column of Table II were correlated with those in the other 
two columns, the following r’s were obtained: correlating 
column two with column three, r = + 0.86 + .06; correlating 
column two with column four, r = + 0.84 + .06; correlating 
column three with column four, r= +0.74 4.12. These 
correlations are too high and consistent to be caused by chance 
factors. The conclusion is that the height of the correlations 
between mean time per entrance and the criteria of difficulty 
employed vary consistently with the particular alleys. 

In all the coefficients given thus far, showing the relation- 
ship between the two variables, mean time per entrance and 
difficulty of alley elimination, the individual subjects were the 
separate cases. Coefficients have also been calculated be- 
tween the same variables in terms of means of the thirty sub- 
jects’ scores, the alleys constituting the separate cases. In 
the first case, N = 30; in the second, N = 10. The coefh- 
cients presented in Table III were obtained by the latter pro- 


cedure. 
TABLE III 
CoEFFICIENTS OF CORRELATION BETWEEN MEAN TIME PER ENTRANCE PER ALLEY 
AND THREE Measures OF DIFFICULTY OF ELIMINATION 


Measures of Difficulty 
Number of Trials Number of Errors Total Time 


r= — 0.63 = .13 r= — 0.56 * 15 r= — 0.43 = .17 
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The mean time per entrance used in this table was ob- 
tained by dividing the total amount of time spent by all 
thirty subjects in the alley by the total number of entrances 
made by all thirty subjects into the alley. The number of 
trials is the total of the maze trials each subject took in finally 
eliminating the blind alley; number of errors is the total of all 
subjects’ entrances into the blind alley; total time is the sum 
of the thirty subjects’ time in the alley. 

These coefficients are larger than the corresponding ones 
given above (see Table I). And it will be observed that in 
this instance the correlation with total time turns out de- 
cidedly negative. In the former instance (Table I), mean 
error-time was correlated with the total time of learning; here 
mean error-time is correlated only with blind alley time in 
each case. Thus, here the true-path time is not involved; 
however, the same spuriousness pointed out in the preceding 
coefficient exists here. It will be remembered that this 
spuriousness influences the correlation in the positive direc- 
tion. The significant thing is that, in spite of this fact, the 
coefficient is still negative.’ 

The measure of the time spent in each blind alley used in 
obtaining the above results was the mean of all entrances into 
each single alley from the beginning to the end of learning. 
In the case of almost every alley (for each subject) a great 
many entrances were involved. Curves drawn for the time 
of these entrances show a tendency to drop from a high, 
initial level to a constant level which is held to the end of 
learning.* In light of these curves, the following question 
arose: Which entrances are more influential in determining 

7 The correlation coefficients presented in this paper represent a selection of the 
most significant from a much larger number that were calculated. For example, the 
variable mean time per entrance was correlated wherever possible with the four meas- 
ures of difficulty, number of trials, number of trials to five perfect runs, total time, and 
total errors, although the resulting coefficients do not appear in the included tables. 
The greatest number of omitted correlation coefficients, however, are those calculated 
between mean and absolute time of first entrance into a blind alley and the four meas- 
ures of rate of elimination. These coefficients all turned out very near zero. 

8 J. A. McGeoch and H.N. Peters, op. cit. In this paper three methods were used 


in plotting the curves for time spent in blind alleys. Here, the reader is referred par- 
ticularly to the curves drawn according to Method II. 











420 HENRY N. PETERS AND JOHN A. MCGEOCH 


the negative relationship found here, the early or the later 
ones? According to the curves drawn, the initial, orientation 
period is over and the constant level reached at approximately 
the mid-point. As an answer to the question, the mean en- 
trance times for the first half and for the second half of the 
entrances were determined, and the same correlations which 
were computed with the mean of all entrances as a variable 
were computed again separately with the means for the first 
and second half of the elimination series substituted for the 
mean of all. 

Table IV presents the correlations found between the two 


TABLE IV 
CoEFFICIENTS OF CORRELATION BETWEEN Two MEAN Times, First AND SECOND 
Hatves, PER SusjecT IN ALL Buiinp ALLEYS AND THREE MEASURES OF 
LEARNING OF THE TOTAL PATTERN 




















Measures of Learning 
Mean 
Time 
Number of Trials Number of Errors Total Time 
First Half........] 7 = —0.50.09 r= —0.39=.10 r= +0.23+.12 
Second Half......] r= —0.§1+.09 r= —0.29+.11 r= +0.32=.11 














mean entrance times and measures of learning the total maze 
pattern. For these coefficients, N = 30. Table IV cor- 
responds to Table I, above, for the mean of all entrances. 
The implication of these coefficients, except for the one 
involving number of trials, is that the first half of the entrances 
contributes more than the second to the inverse relation. 
Table V shows the correlations found when the alleys 


TABLE V 
CoEFFICIENTS OF CORRELATION BETWEEN Two MEAN TiMEs, First AND SECOND 
HaLves, PER ENTRANCE PER ALLEY AND THREE MEAsures OF DIFFICULTY 
OF ELIMINATION 

















Measures of Difficulty 
Mean 
Time 
Number of Trials Number of Errors Total Time 
Pitot PHAM... 6550 r = —0.73*.10 r = —0.79+.08 r = —0.67+.12 
Second Half......) rf = —0.45.17 r = —0.22+.20 r= —0.02+.2I 
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are taken as the separate cases (instead of the subjects). 
In this table, VN = 10. Table V corresponds to Table III, 
above, for the mean of all entrances. 

As reference to Tables I and III will reveal, the coefficients 
found when the two halves of the total blind alley entrances 
are treated separately support the coefficients for the two 
halves treated together. The coefficients for the first half of 
the entrances show a stronger negative tendency than do those 
for the second half; and the coefficients given in Table V 
(where the variables are considered in terms of means of the 
thirty subjects’ scores, the alleys constituting the separate 
cases) for the first half of the entrances are larger negative 
figures than any found for the means of all entrances. 

Correlations were run between the means of first and 
second halves of total blind alley entrances and measures of 
difficulty for the individual alleys; these measures were the 
number of entrances, number of trials to eliminate completely, 
and number of trials to five perfect runs; and the resulting 
coefficients correspond to those given for the means of all 
entrance times in Table II. The coefficients for both halves 
agree closely with those shown in Table II. Those for the 
first half show slightly larger negative correlations than those 
for the second half. 

In answer to the question, which half of the blind alley 
entrances is more influential in producing the negative correla- 
tion between time and difficulty, we may conclude that, al- 
though both first and second halves contribute, the influence 
of the first is greater than that of the second. 

Although the above results are sufficient to warrant the 
conclusion of an inverse relationship between time spent in 
the alleys and difficulty of elimination, the fact of this inverse 
relation can be shown in ways more detailed than that of cor- 
relation coefficients. Table VI shows groupings of the sub- 
jects into steps, according to mean time spent in alleys per 
entrance, with the corresponding mean numbers of errors and 
mean numbers of trials to three perfect runs. Column 
one includes the number of subjects falling into each group; 
column two, the mid-point of each half-second interval con- 
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TABLE VI 


GrouPiIncs OF SuBJECTS INTO STEP INTERVALS OF } SECOND, AccoRDING TO MEAN 
Times Spent in ALLEYS PER ENTRANCE 














No. of Mean Time Mean Number Mean Number 
Cases per Entrance of Errors of Trials 
3 2.5 276 82 
7 3.0 266 80 
4 3°5 179 46 
6 4.0 161 49 
2 4-5 138 39 
3 5.0 176 52 
3 6.0 165 40 
I 8.0 231 Si 
I 11.0 99 24 














cerned; column three, the mean of the total errors of the sub- 
jects in the group; column four, the mean number of trials. 

This table roughly shows the tendency of errors and trials 
to decrease as mean time per entrance increases. 

Il. The Relation between Total Time Spent in the True 
Path and Total Time Spent in Blind Alleys.—In determining 
the proportions of the total learning time spent in blind alleys 
and in the true path, a rather surprising fact was discovered, 
a fact which could be ascertained only by a method similar to 
that used in this study. 

Investigation of this relationship between true path time 
and blind alley time is important on two counts. In the first 
place, the question of whether or not the subjects differ with 
reference to proportion of total time spent in blind alleys 
becomes an urgent one in light of the above correlation coefh- 
cients indicating a difference in the efficacy of brief and lengthy 
intervals of time in blind alleys. The subjects do differ in 
mean entrance times. Do they differ in proportion of total 
learning time spent in blind alleys? In the second place, this 
relationship is important as a quantitative comparison of 
that portion of the learning activity taken up with right 
responses with that portion of the learning activity taken up 
with wrong responses. Such a direct comparison has never 
been made; and the method used in this study lends itself 
easily to the problem. 

Table VII shows the total time taken by each subject to 
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TABLE VII 


PERCENTAGES OF THE TOTAL TIME OF LEARNING SPENT IN THE TRUE PATH 


Total Time in % of Total Time in 
Subject Seconds True Path 
Riise awe PA eee od oe .666 
2 ... 690 .498 
Oe cae neiek a eneanas an hae 646 
Mere erererrer rrr. .695 
Dinh apie ab ik ees oe ene O11 
Torre Te rere Per 1158 604 
TT OTT ECE Tee .646 
iia Pine abe keen dk eee .560 
Tere es -734 
CECE ee 671 
DN bias ae hed kews on ee 5 674 
er eT eee ee 645 
err ee roe ree TTT. 684 
ee Tee 577 
ST are ee 512 
TET Te Te Te Te TT eT .586 
PE ree Se 651 
OL Se ee eT .626 
errr re Teer rere .638 
DC heeded babe ae 0409 b eee .588 
Wks 4s 2b es Gend naked tenn .698 
ey lates wd we hee on 562 
Sr are ee ee 644 
EA toca. 06d deel i/o sacle 591 
OOP a 579 
EO EE eee ee 655 
a ae 577 
Perro Te ee 550 
Se .657 
Mean % 620+ .054 


learn the maze to a criterion of three perfect runs and the 
percentage of this time spent in the true path. 

Since the subjects who spent relatively long intervals of 
time per entrance into the blind alleys learned the maze with 
greater ease, it might be expected that these same subjects 
would have spent relatively greater proportions of their total 
time in the blind alleys than did the subjects who spent short 
intervals of time in blind alleys. Although, as the table 
reveals, the total times vary extensively, the percentages of the 
total time spent in the true path (and, therefore, in the blind 
alleys) approximate a constant for all subjects. “The implica- 
tion of this discovery is that the relative time of errors oper- 
ates independently of the sheer frequency of the errors, an 
implication also shown by the correlation coefficients presented 
earlier in the paper. These thirty subjects varied widely in 
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the number of trials and errors made during learning of the 
maze, but the proportion of time they spent making errors 
was a constant. Whether or not this constant proportion of 
error-time to total time holds for other kinds of learning, or 
even other mazes, is unknown. 

ITl. Zhe Influence of Serial Position of Blind Alley.—The 
question of serial position effects has already been touched 
upon. It will be remembered that a fairly high positive cor- 
relation was found, in the case of the ten alleys, between the 
coefhcients of correlation expressing the relationship between 
time interval and three criteria of difficulty of elimination. 
This result points toward an influence of serial position upon 
the rate of the elimination of an alley. In view of the well 
known results on serial position effects in memory materials, 
the problem bears directly on the comparative nature of 
memory and skill. Warden, using the same maze employed 
here, reports that primacy and finality operate in maze learn- 
ing as they do in the learning of nonsense syllables.? As far 
as Warden goes in presenting his data in the paper, the figures 
obtained in this study agree with his. The figures for serial 
position, however, warrant another conclusion than his when 
they are viewed in more detail. 

Table VIII gives the serial position effects for the ten blind 
alleys. Inthe first column are the numbers of the blind alleys; 
in the second column, the total number of entrances into the 


TABLE VIII 


SertAL Position Errects FOR THE TEN ALLEYS WITH RESPECT TO NUMBER OF EN- 
TRANCES, TotaL Time, AND MEAN TIME PER ENTRANCE 











Alley Number of Total Mean Time per 
No. Entrances . Time Entrance (in sec.) 
- 414 2,019 4.88 
if 209 1,035 4.95 
III. 666 2,378 3.57 
aU is 1,038 4,234 4.08 
_ 340 1,362 4.01 
VI.. 833 2,944 3.53 
. errr S81 3,578 4.06 
275 1,347 4.90 
IX. . 978 3,378 3-45 
X.. 369 1,344 3-64 














9C. J. Warden, op. cit. 
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respective blind alleys; in the third column, the total time, 
in seconds, spent in each blind alley; in the fourth column, 
the mean time per entrance spent in each of the blind alleys. 
The figures composing this table were obtained from the 
group of thirty subjects’ records taken as a whole. The cri- 
terion of learning the maze was three perfect runs in succession. 
The figures in the table include all entrances into the culs- 
de-sac, from beginning to end of learning. 

In comparing these results with Warden’s we are concerned 
with only the first two columns of Table VIII. Means, com- 
puted as Warden did, for the number of entrances into the 
first three blind alleys, the middle four blind alleys, and the 
last three blind alleys support his conclusion. ‘These figures 
are 429.6, 773.0, and 540.6. But by this method of presenta- 
tion the averages mask an irregularity obtaining among the 
separate blind alleys, and an irregularity as important as, if 
not more important than, the averages themselves. Accord- 
ing to the figures in column two of Table VIII, alleys I, I, V, 
VIII, and X are eliminated with relative ease; alleys IV, VI, 
VII, and IX, with relative difficulty. If the curve is drawn, 
no regular primacy-finality effect is evident. 

The figures in column three of Table VIII, for total time, 
roughly parallel those of column two. For total time, as for 
total errors, the striking thing is the irregularity. If these 
figures are grouped into averages, however, a primacy-finality 
effect can also be demonstrated for time. The averages for 
the first three, the middle four, and the final three blind alleys 
are: 1,810.6, 3,029.5, and 2,023.0. With total time, as with 
total errors, the three groups of alleys arrange themselves in 
order of increasing difficulty as follows: the first three, the 
last three, and the middle four. Thus, for this maze, the 
primacy effect is stronger than the finality. 

Regarding only the first three columns of this table, one 
may conclude that the serial position effects found in maze 
learning are different from those found in memorizing of verbal 
lists. Although there is a general primacy-finality effect as 
shown by the average values for the first, last, and middle 
blind alleys, the effect is not a regular one. 
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There is probably no one serial position curve for mazes, 
but rather a different one for different mazes. The nature of 
the maze pattern itself influences the difficulty of the indi- 
vidual blind alley. On purely a prior: grounds one would not 
expect to find a serial position curve for culs-de-sac correspond- 
ing to the serial position curve for nonsense syllables. The 
culs-de-sac are parts of a unified whole, the maze pattern; 
there is no such objective whole, or pattern, in a list of non- 
sense syllables. 

The fourth column of Table VIII was included by way of a 
confirmation of the principal finding of the experiment re- 
ported in this paper: an inverse relationship between entrance 
time and difficulty of blind alley elimination. The tendency 
is for mean time per entrance to be high, relatively, when the 
figures for number of entrances and total time are low, and for 
mean time per entrance to be low when the other two are high. 
The curve for mean time per entrance (when drawn from the 
figures in the table) looks like the curve for number of en- 
trances inverted. It is also interesting, as further evidence 
still, to note that the average values for the first three, the 
middle four, and the last three mean times per entrance are: 
4.47, 3-92, 4.00. When arranged in order of increasing size, 
these average values fall just opposite to the above mentioned 
order of increasing number of errors and trials. 


DISCUSSION 


We have found that in learning a stylus maze the general 
tendency is for subjects who spend longer intervals of time in 
culs-de-sac to eliminate them with greater ease than do sub- 
jects who spend shorter intervals of time in the culs-de-sac. 
This result has been checked by several different methods. 

The problem of time interval in blind alleys may be viewed 
as one of the relationship between time interval and the rapid- 
ity of formation of successive associations. In learning a 
maze, the subject associates, or connects, the various sections 
of the true path; the times spent in culs-de-sac constitute the 
intervals between the items to be associated. Other factors 
may also be operating, such, for example, as remote associa- 








TIME SPENT AND SPEED OF ELIMINATION 427 


tion, whereby the organization of the total pattern is made 
more compact, but within the limits of our present data we 
may treat the problem as one of direct successive association. 

The general problem of the influence of the length of the 
time intervals between items upon their successive association 
has been investigated in both human and animal psychology. 
With memory materials and human beings as subjects, 
Bergstrom !° found that in successive association the lengthen- 
ing of the time interval was decidedly beneficial, while Wohl- 
gemuth ™ and Froeberg ” found that it was detrimental to 
the association of the two items. Wolfle’s study of the in- 
fluence of time interval in establishing a conditioned with- 
drawal of the finger found that ‘‘with an interval series in 
steps of .25 seconds, beginning with the unconditioned stimu- 
lus (shock) .50 seconds before the conditioned stimulus (sound), 
and ending with the shock 1.50 seconds after the sound, the 
mean percentage of conditioning for the separate intervals 
was 10, 13, 19, 29, 37, 22, 14, 12, and 8.’’ The optimal 
interval, at which 37 percent of conditioning was reached, 
was .50 seconds with the sound stimulus first. With rats 
in the alternation problem-box, Yarbrough ™ found that 
‘“‘upon the basis of the number of trials necessary to make 
the association, the difficulty of the problem steadily increases 
with the increase of the time interval.” * ‘The most recent 


10 J. A. Bergstrom, Effect of changes in the time variables in memorizing, together 
with some discussion of the technique of memory experimentation, Amer. J. Psychol., 
1907, 18, 206-238. 

1A. Wohlgemuth, Simultaneous and successive association, Brit. J. Psychol., 
1915, 7, 434-452. 

12. Froeberg, Simultaneous versus successive association, Phychol. Rev., 1918, 
25, 156-163. 

18H. M. Wolfle, Time factors in conditioning finger-withdrawal, J. Gener. Psychol., 
1930, 4, 372-378. 

44 J. U. Yarbrough, The influence of time interval upon the rate of learning in the 
white rat, Psychol. Monog., 1921, 30, No. 135, pp. 1-52. 

15 Results similar to these have been obtained in other experiments on the problem 
of time interval in association. See, e.g., J. A. Bigham, Studies from the Harvard 
Psychological Laboratory: A. Memory, Psychol. Rev., 1894, 1, 34-38; R. M. Ogden, 
Untersuchungen uber den Einfluss der Geschwindigkeit des lauten Lesens auf das 
Lernen und Behalten von sinnlosen und sinnvollen Stoffen, Arch. f. d. ges. Psychol., 
1903, 2, 93-189; H. A. Carr, Length of time interval in successive association, Psychol. 
Rev., 1919, 26, 335-353; H. A. Carr and A. S. Freeman, Time relationships in the forma- 
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investigation of time interval in successive association is that 
of Guthrie. With nonsense syllables and nonsense figures 
as materials and the intervals 4.93, 3.33, 2.55 seconds he 
found an ‘increase in associative strength as the interval 
increased.’ With the exception of Wolfle’s experiment, which 
shows a beneficial influence upon conditioning of lengthening 
the interval separating the two stimuli from zero to .50 
seconds, the studies of Bergstrom and of Guthrie are the only 
ones in fundamental agreement with the results of this experi- 
ment. And in these two studies memory material was used 
in which the items were disparate, unrelated, ones. In com- 
paring studies by widely different methods it is difficult to 
give agreement or disagreement a systematic interpretation. 

The results reported in this paper may be interpreted in 
terms of the law of effect. May not the time interval in the 
blind alleys bear somewhat the same relation to effect as Carr 
has maintained for frequency?!’ ‘That is, just as frequency, 
or repetition, allows the fixating or eliminating influence of 
effect to operate, so also does the time interval in the case of 
blind alleys in the maze. The finding that alleys are elimi- 
nated in inverse relation to the length of time spent in them 
indicates (as other recent experiments have) that the doctrine 
of frequency is in need of modification. According to the 
results presented here, the lower frequencies (and longer en- 
trances) tend to be correlated with faster elimination; and it 
appears that it is the time spent, as well as frequency, which 
matters. A factor of temporal magnitude or temporal extent 
must be added to those influencing learning.!® It is probable 
that this time factor is not a directly acting one, but that a 
given temporal extent favors verbalization, orientation, ex- 
ploration with attendant completeness of information or of 


tion of associations, Psychol. Rev., 1919, 26, 465-473. For comprehensive reviews of 
the work on time interval, see H. M. Wolfle, Conditioning as a function of the interval 
between the conditioned and the original stimulus, J. Gener. Psychol., 1932, 7, 80-103; 
and FE. R. Guthrie, Association as a function of time interval, Psychol. Rev., 1933, 40, 
355-367. 

16 FE. R. Guthrie, op. cit. 

17H. A. Carr, Teaching and learning, J. Genet. Psychol., 1930, 37, 189-218. 

18 This factor has already received mention; see W. S. Hunter, Basic phenomena in 
learning, J. Gener. Psychol., 1933, 8, 299-317. 
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range of sensory consequences regarding the error, and other 
factors, all of which may be grouped under the contemporary 
conception of effect. Effect depends upon two factors, fre- 
quency and temporal extent; and temporal extent, in turn, 
depends upon frequency. It may be that there is some, as 
yet unknown, optimal combination of frequency and temporal 
magnitude. 

There is a fundamental difference between the time inter- 
val separating items of a list of nonsense syllables or words 
(or the two stimuli in the conditioned reflex set-up) and the 
time interval spent in the blind alley (which interval also 
separates items to be associated, 1.¢., consecutive parts of the 
true path). In the latter case, there is a direct relation be- 
tween length of time interval and thwarting effect, which does 
not often appear in the former. Thus, lengthening the 
amount of time in the blind alley has an effect similar to in- 
creasing the frequency of the same blind alley. According 
to this tentative explanation, both time and frequency are 
viewed as limiting the operation of the law of effect. 


SUMMARY 


Thirty college students have learned the Warden Io-alley 
maze to a criterion of three perfect trials in succession. Be- 
sides the usual maze data, records have been taken for each 
subject of the exact amount of time in fifths of a second spent 
in each entrance into a cul-de-sac. These data were investi- 
gated in order to determine the relationship existing between 
time spent in the cul-de-sac and ease of elimination and certain 
other time relationships which obtain within the maze pat- 
tern. The following conclusions have been obtained: 

(1) An inverse relationship exists between the length of 
time spent in a cul-de-sac (the range of the average entrance 
times is from one to fifteen seconds) and the difficulty of its 
elimination. 

(2) The percentage of time spent in the true path and in 
the blind alleys is, in terms of the average, for all subjects, 
no matter what the time spent in the total learning, nearly a 
constant. 
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(3) Serial position effects operate in the learning of a 
skilled act, but they are not of the same nature as those operat- 
ing in the memorizing of lists of verbal material. Although 
there is a general primacy-finality effect, as shown by the 
average values for the first, last, and middle alleys, the effect 
is not a regular one. The serial position curve is highly 
irregular. 

(4) The obtained inverse relation between length of time 
spent in a blind alley and the speed of its elimination may be 
explained in terms of the greater amount of detrimental sen- 
sory consequences which the longer time provides. A factor 
of temporal extent must be added to those influencing learning. 


(Manuscript received May 21, 1934) 








THE DEVELOPMENT OF THE REACTIVE PROC- 
ESS FROM EARLY CHILDHOOD TO MATURITY 
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Except for the pioneer study by Gilbert in 18g94,! few 
attempts have been made to study developmental changes in 
simple reaction-time. Nevertheless the problem is one of 
considerable theoretical interest since the speed with which an 
individual is able to make a simple motor response to a per- 
ceived stimulus may fairly be regarded as a significant index to 
his basic level of perceptual-motor integration. 

In Part III of his recent book, Luria ? describes a number 
of interesting experiments on the development of the reactive 
process in young children but does not give quantitative 
results. Luria emphasizes the diffuse character of the child’s 
early responses to a signal, his inability to make a single 
prompt response and to inhibit inadequate additional re- 
sponses. This ability, he states, is relatively late in appearing. 
“The reaction to a signal, as we know it in the human adult, is 
a product of very complex development, an elaboration which 
arises on the basis of other, considerably more primitive 
processes. The ‘simple reaction’ in young children differs 
from the reaction of adults in having another structure, and is 
characterized by a marked specificity of the diffused excita- 
tion, a weakness of those higher regulating mechanisms which 
are undoubtedly a basic phenomenon in the neurodynamics of 
the adult. The development of the reactive process from 
child to adult does not by any means take place by the quanti- 
tative improvement of the process but through a qualitative 


1 Gilbert, J. A., Researches on the mental and physical development of school 
children, Studies from the Yale Psychological Laboratory, 1894, 2, 40-100. 

2 Luria, A. R., The Nature of Human Conflicts or Emotion, Conflict and Will. An 
Objective Study of the Disorganization and Control of Human Behavior. Translated from 
the Russian and edited by W. Horsley Gantt with a foreword by Adolf Meyer. New 
York: Liveright, 1932. 
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change in structure overcoming primordial diffusiveness and 
passing over into a new, controlling, intricate, functional, 
organized structure of the reaction. These simple movements 
which we speak of as ‘simple reactions’ of the adult are, really, 
very late formations, built up on the basis of the suppressed, 
diffused system of the primitive impulses.’’’ 

That certain qualitative differences between child and 
adult in their characteristic manner of responding to a signal 
indubitably exist will be shown in a later section of this paper. 
These qualitative differences, however, are not independent of 
the quantitative aspects of the reaction but have a definite 
bearing upon the time relationships displayed. 

The present study is an attempt to ascertain the changes 
with age in the speed of a simple reaction during early child- 
hood and the relation of reaction-time at these ages to such 
factors as sex, intelligence test scores, socio-economic status 
and certain personality traits. 

Reaction-time was measured by means of the Miles Reaction-time Board which 
has been described elsewhere. This instrument consists of an electrical timing clock 
which operates on a 60-cycle current in the same manner as an ordinary electric clock 
and which records time in units of 1/120 of asecond. When running, the clock makes 
a fairly loud buzzing noise. It is started and stopped either by a telegraph key which 
is wired in circuit or by an accessory push-button switch on an extension cord which the 
experimenter holds in his hand. Both clock and key are mounted on a light-weight 
board which makes the apparatus easily portable. The complete apparatus includes 
an accessory key with extension cord which makes it possible to place the subject at 
another table out of sight of the clock, in which case he must react to the sound of the 
buzzer alone. This key was not used in the present experiment. 

Because of the youth of our subjects, it was found necessary to modify the instruc- 
tions used by Miles in certain respects in order to make the procedure clear. Since we 
also wished to compare the speed of the right and left hands and it was not feasible to 
recall the children for the extended practice which would have been necessary to estab- 


lish a true physiological speed limit ® we have made use of alternating trials with the 
two hands in order to equalize the effects of practice. 





3 Op. cit., p. 338. 

‘Miles, Walter R., Correlation of reaction and coordination speed with age in 
adults, Amer. J. Psychol., 1931, 43, 337-391- 

5 Even had time and opportunity permitted, it is doubtful whether this could be 
done with the majority of young children because of the flagging interest and attention 
which is the almost inevitable accompaniment of prolonged work at a monotonous task 
with children too young to understand what it is all about. In this case, the novelty 
of the instrument and the fun of ‘stopping the clock’ provided a good source of motiva- 
tion at the outset. By dint of lavish praise and much display of enthusiasm, the ex- 
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Our procedure was as follows: The board without the accessory key was placed ona 
low table and connected to an ordinary lighting socket. With the subject seated com- 
fortably before the table the examiner said: 

“T have a clock here (pointing) that makes a loud noise and its hands go round just 
like your clock at home. You can stop the clock if you put your finger down hard 
on this button like this. (Experimenter demonstrates by starting the clock, using the 
push button, and stopping it by pressing the key. This is repeated, and child is al- 
lowed to examine the instrument until he feels entirely familiar with it.) Then the 
experimenter says, “‘ Now let’s see how quickly you can stop it. Put your finger on 
the button so you will be all ready and as soon as [ start it, you stop it. Don’t take 
your finger off till the noise stops, will you?” 

After the child had made one trial, the experimenter said, “‘ Now see how quickly 
you can stop it with the other hand.” At least two preliminary trials with each hand 
were given in this way. With the youngest children it was sometimes necessary to 
give a little more preliminary practice if the child did not seem to understand that he 
was to stop the clock as quickly as possible. A few were somewhat frightened by the 
buzzing sound at first and had to be habituated to it before a prompt reaction could be 
secured. Others were so delighted by the noise and the movement of the hands that 
they did not want to stop it. Their interest in ‘seeing it go’ had to be satisfied before 
they could be persuaded to devote their attention to ‘making it stop.’ For this reason 
it seemed best to allow the amount of preliminary practice to vary somewhat with the 
personality of the child. The principle followed was to require at least two ‘correct’ 
reactions with each hand before starting to record results. <A ‘correct’ reaction was 
defined as one in which the child evidently tried to stop the clock as soon as it was 
started. 

In the preliminary practice the child was allowed to begin with whichever hand he 
preferred. The regular series, however, was always begun with the right hand. The 
experimenter said, ‘“‘ Now that you know how to do it, I’m going to keep track and see 
how quickly you can stop the clock. Let’s get all ready” (placing the forefinger of the 
child’s right hand on the key while his left hand rested easily on the table. “Are you 
all ready now? Then see how quickly you can stop it.” 

Care was taken to see that the child was seated comfortably with both feet on the 
floor. Posture was watched and corrected as necessary throughout the experiment. 
Before starting the experimental series, the readings for both dials were noted on the 
record sheet. After each reaction the new reading was taken and the child was praised 
for his quickness. Alternate trials with each hand were made until 20 trials, 10 with 
each hand had been completed. 





perimenter was able to prolong the child’s interest to the end of the single series of 
20 trials in practically allcases. It was found, however, that when a second sitting was 
attempted the maintenance of a high degree of effort on the part of the younger chil- 
dren was very difficult to secure, and even those of six and seven years were inclined to 
attack the task with less zest. As a result, whatever gain might have been expected 
to come from the increased practice was so masked by the results of decreasing interest 
that the reaction-time on the second day of practice was in most cases no quicker and 
with the youngest children might even be slower than that which had been established 
on the first day. Our procedure is similar to that followed by Miles and by Gilbert 
neither of whom put their subjects through the period of preliminary training recom- 
mended by Titchener and others. Miles refers to the reaction-time of unpracticed 
subjects as the‘natural’ reaction-time. 
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Our data consist of 466 complete series of 20 trials each 
from 246 children ranging in age from two-and-a-half ® to 
eleven-and-a-half years and 56 college students. Of these, 106 
children were retested after an interval of one year and 58 
after an interval of two years. ‘Tests were always given mid- 
way between birthdays. The maximum variation from the 
defined age-level was one month in either direction, ¢.g., the 
five-and-a-half-year age-group includes only children between 
the ages of five years, five months and five years, seven 
months, etc. The subjects include children enrolled in the 
nursery school and kindergarten of the University of Minne- 
sota Institute of Child Welfare and others who are brought to 
the laboratory for periodic tests. These children are all well 
habituated to the test situation and their cooperation is in 
most cases very easy to secure. 

The question of scoring presented some difficulties. In 
reaction-time work with adults it is customary to make use of 
introspective reports by the subjects as a criterion for elim- 
inating trials in which, owing to temporary distractions or 
other causes, the reaction is unduly prolonged. Obviously, 
such reports would be of little value when given by young 
children. Gilbert, when faced by the same problem, hit 
upon the expedient of using the median of all the trials in place 
of the mean as the most typical measure of the reaction-speed 
of an individual child. As a check upon the desirability of 
this procedure we have computed the standard error of each of 
these measures for the right and left hands separately at each 
of three age-levels. The results are shown in Table I. 

Inspection of Table 1 shows that the standard error of the 
median is less than that of the mean in every one of the six 
comparisons made. We have therefore used the median in 
preference to the mean as the measure of individual reaction- 
time throughout the study. 


6 The six children who were tested at age two-and-a-half, cannot, however, be 
looked upon as representative of two-and-a-half-year-old children in general since only 
a small proportion of children at that age were found able to understand the instructions 
and give sustained attention to the task for the requisite number of trials. We have 
therefore omitted these cases from all computations into which the question of norma- 
tive standards enters. From the age of three-and-a-half on, practically all children of 
normal intelligence were able to take the test. 
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TABLE 1 


ComPARATIVE RELIABILITY, AS INDICATED BY THEIR STANDARD Errors, OF 


MEASUREMENTS BASED UPON THE MEAN AND THOSE BASED UPON 
THE MEDIAN 




















(In sigma units) 
Pe Viwsdteeaiweniaauwa 34 (N = 53) 54 (N = 111) 74(N = 53) 
Right Left Right Left Right Left 
o mean............ 3.62 3.19 1.3 1.50 85 gO 
@ median..........] 3.00 2.81 1.20 1.32 72 75 




















Table 2 shows the median reaction-time in sigma units for 
right and left hands separately for the three ages included in 


Table 1 and for the college students. Surprisingly enough, 
the reaction-time of the two hands seems to be practically 
identical at these ages, under the conditions of this experiment. 


TABLE 2 


Mepb1an REaAcTION-TIME OF RIGHT AND Lert Hanps at Four Ace-LeEvELs 








re 33 54 74 College Students 





Hand Boys | Girls | Both | Boys | Girls | Both | Boys | Girls | Both |Men | Women | Both 








Right...| 473 | 510 | 491 | 325 | 348 | 336 | 243 | 253 | 248 | 173] 171 | 172 
Left....]| 494 | 527 | 510 | 302 | 340 | 320 | 249 | 248 | 249 | 169] 173 172 
Both....| 484 | 519 | 501 | 313 | 345 | 329 | 246 | 251 | 249 | 171] 172 172 









































The same is true when the mean instead of the median is used 
as the measure of individual reaction-time. Inspection of the 
records of individual cases showed little consistent superiority 
of either hand from trial to trial. For this reason it has not 
seemed worth while to treat the results from the two hands 
separately. 

Table 3 shows the median reaction-time by ages and sexes 
separately, together with the means and the quartile devia- 
tions. This table also shows the results obtained from 56 
Minnesota college students who were tested by the same 
method as that used with the children. Miles? findings for 
older adults are shown in Table 4. 


7 Op. cit. 
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The Minnesota students were tested by exactly the same 
procedure as was used with the children and were given the 
same number of trials. Mules’ procedure, however, was 
slightly different in that the ‘right or preferred hand’ was used 
throughout and only five trials were given, apparently without 
the preliminary trials which we used with children and adults 
alike. Miles’ results are given only in terms of mean reaction- 
time. However, the results presented in Table 3 suggest that 
the difference betwen the mean and the median is very small 
after the age of ten or thereabouts.® 

In comparing these results with those of other investigators 
it must be remembered that only enough preliminary practice 
to make sure that the instructions had been thoroughly under- 
stood was given. Although the stimulus was both auditory 
and visual, it seemed fairly certain that the auditory stimulus 
was practically always the one to which the child responded. 
This is, of course, to be expected, since it is well known that the 
reaction to an auditory stimulus is appreciably quicker than 
that to a visual stimulus. Throughout the experiment it was 
noted that the behavior and postures of the children were 
characteristic of ‘listening’ rather than ‘watching.’ The 
presence of the clock added interest to the game and after a 
reaction had been made the child usually looked to make sure 
that the hands had stopped, but during the moment of waiting 
for the signal his eyes were much more likely to be fixed on the 
experimenter than on theclock. It is probable, however, that 
in some cases the attention was centered on the visual stimulus 
and to the extent that this was the case the reaction-times 
would be somewhat lengthened. From our observations of 
the children, however, we are inclined to believe that these 
cases represent a small proportion of the total. When the 


8 This is in part due to the fact that we made no use of introspective reports either 
with children or adults. With the former it would obviously have been impossible to 
secure them. Although long delays resulting from an obvious distraction as well as 
reactions so short that it seemed certain that the subject had ‘jumped the gun’ were 
omitted, nevertheless a good deal more leeway in both directions was allowed than 
has been done by many investigators in the past. The result of this procedure has been 
to make the distribution of the individual reaction-times for the older children and 
adults conform fairly closely to the normal probability curve, while those for the 
younger children show marked skewness. 
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curve obtained for the children is extrapolated, it fits the 
average for the college students very well. It appears, there- 
fore, that the percentage reacting to the visual rather than to 
the auditory stimulus when both are presented simultaneously 
shows little change with age. Miles’ results, however, tend to 
run scmewhat higher than those for our college students. 
This may be due to the small number of cases in each of his 
groups or to the fact that he gave only five trials without 
fore-exercise. 
TABLE 4 
Mean Times or Reaction * By PRressINnG THE FINGER FOR ADULT SUBJECTS OF 
Various Aces As ReportTeD By MILES 








Age-groups 





25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-59 | 60-69 | 70-79 | 80-89 





Mean............| 230 | 240 | 230 | 210 | 230 | 200 | 280 | 300 | 280 
eee 80 40 30 40 30 | I10 80 30 
































* For the 74 cases under the age of 60 the mean reaction-time is 223; the mean 
variability from trial to trialis 42. For the 26 cases aged 60 or over, the mean reaction- 
time is 287 and the variability 73. Expressing these figures in terms of their reciprocals, 
that is in terms of speed and non-variability, it is seen that the older individuals have, 
on the average, suffered a decrement of 22.2 percent in speed of reaction and 42.5 per- 
cent in regularization or control of the reaction. In other words, the age decrement 
in control is almost double the corresponding decrement in average speed. 


At these early ages it would obviously be very difficult to 
train the subjects to differentiate between the sensorial and the 
muscular types of response and we made no attempt to do so. 
Titchener, in his Textbook, gives the figures shown in Table 5 


TABLE 5 
SENSORIAL AND Muscutar Reaction-TimMes To LIGHT AND To SoUND 
(From Titchener) 


Muscular Sensorial 
ie wna eh ake kein eee 290 
ee a 225 


as averages for the two extreme types of reaction-times with 
moderately practiced subjects. He states that for the mixed 
reaction in which the attention is sometimes centered on the 
movement, sometimes on the stimulus, the average times will 
fall somewhere between the two extremes cited in Table 5. 
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Ladd and Woodworth summarize the determinations of many 
of the older investigators. For optical stimuli the reported 
times vary from 151 (Exner) to 225 (Hankel). ‘The average 
for the eight investigators whose results are included in the 
Ladd and Woodworth table is 190. The corresponding aver- 
age for auditory stimuli is 146 with a range from 120 (Von 
Kries), to 182 (Von Wittich). All these figures are based upon 
adults. Our results for college’ students fall well within 
Titchener’s range for the mixed reaction to sound as well as 
within the range reported by other investigators who have not 
distinguished between the sensorial and the muscular types of 
reaction. 

Inspection of Table 3 shows that for the ages covered by 
this study there is a fairly regular decrease in reaction-time 
with age and that the boys, on the average, react somewhat 
more quickly than the girls. ‘The sex difference corresponds 
very closely both in direction and amount to that reported by 
Gilbert ® who used a visual stimulus and whose study covers an 
age-range from six to seventeen years. Bellis '° who tested Io 
subjects of each sex in each age-decade from four to sixty years 
reports a very marked sex difference in the time of reaction 
both to light and to sound but these differences are spuriously 
high because of-his failure to equalize age within the decades. 
Among the children and young adults the girls in a given age- 
group have an average age much younger than that of the 
boys; among the older adults the women average somewhat 
older than the men. If his data are re-plotted on a com- 
parable age-basis, however, the sex difference in favor of the 
males is still apparent though it is much smaller than that 
reported by Bellis. Although this difference is not great at 
any age, the fact that it appears in children as young as three 
years and is maintained without appreciable change at least 
until the upper fifties is highly significant and well merits 
further study. ‘The superiority of the males is shown even 
more clearly in Table 6 which shows the percentages of the 
individual reactions which were delayed beyond certain 

9 Op. cit. 


10 Bellis, C. J., Reaction time and chronological age, Proc. Soc. Exper. Biol. and 
Med., 1933, 30, 801-803. 
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specified times. At all ages except seven-and-a-half, the per- 
centages of delayed reactions are distinctly greater for the 
girls than for the boys. After the age of nine-and-a-half, 
however, the proportion of delayed reactions becomes very 
small for both sexes and among the college students, reactions 
delayed for as long as .5 second are rare. 

Not only do the median reaction-times decrease regularly 
with age but the spread of the individual reactions about the 
individual medians shows an even more rapid decrease with 
age. ‘This is shown in the lower part of Table 3 which presents 
the means of the individual mean variations about the indi- 
vidual central tendencies. In order to make these figures 
correspond more closely with those which have been reported 
in the literature, we have calculated the m.v.’s in two ways; 
first about the medians as central tendencies (which obviously 
gives the minimum figure) and secondly in the usual manner 
reckoning the variations from the individual means. 


TABLE 6 


PERCENTAGES OF INDIVIDUAL Reaction-Times DELAYED Beyonp CERTAIN LIMITS 




















Percent Age 

of all 

reactions 

which 34 44 54 63 74 84 94-114 
were 

longer 

than B. G B. G B. | G. | B. | G. | B. | G. | B. | G. | Both 
0.5 sec .| 48.7 | 52.9 | 21.9 | 30.9 | 14.9 [21.5] 5.5 | 6.6] 6.4 | 2.7 | 2.2] 3.3 1.0 
1.0 .| 12.4 | 13.2 2.6] 2.7 1.7 | 3.8] 0.2] 0.3 | 0.0] 0.0/0.0] 0.0] OF: 
2.0 1.3 2.1 0.5 0.0] 0.4] 0.0] 0.0] 0.0] 0.0] 0.0] 0.0] 0.0} 0.0 












































Examination of Tables 3 and 6 shows that there are two 
distinct types of developmental change in the ability to react 
to a signal. Not only do children react more quickly, on the 
average, as they grow older, but their reactions become more 
stable with fewer marked fluctuations in speed from one trial 
to another. Observation of the behavior of the children 
leaves little doubt that in the majority of instances, at least, 
the extreme fluctuations in reaction-speed which are so 
characteristic of the younger ages cannot fairly be ascribed to 
distraction from external sources. Rather they seem to be 
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indications of what Luria describes as a state of diffused 
nervous excitation during which the child is truly unable to 
make the single integrated movement necessary to press the 
key, even though all his attention is apparently centered upon 
doing so. Often, at such times, the increased tension of the 
muscles, not only of the arm and hand but of the entire body, 
is so great as to be plainly discernable to the experimenter. 
The child’s body stiffens, his eyes are fixed on the apparatus, 
the breath may be held for an instant and expelled in a sigh of 
relief when finally the reaction is accomplished. Accessory 
movements of the resting hand and even of the feet and legs 
are common. Although Luria gives no quantitative results, 
he states that in the normal child the primitive diffused reac- 
tion has pretty well disappeared by the age of seven or eight 
years and has been replaced by the more constant integrated 
reaction which is characteristic of the adult. Our own find- 
ings are in agreement with this. After the age of seven-and-a- 
half, reaction-times greater than half a second rarely occur 
and the useless accompanying movements of other parts of the 
body have for the most part disappeared. Although the occa- 
sional long reactions which are still to be found in the records 
of the older children may represent temporary reversions to a 
more primitive reaction type, it seems likely that in most cases 
they are the result of true distractions which the experimenter 
was unable to detect." 

It is interesting to note that the changes in the reactive 
process during old age which have been reported by Miles 
show a corresponding trend. (See Table 4.) Here, too, the 
change in variability is proportionately much greater than 
the change in speed. At the age of three-and-a-half, the 
average child has attained 34.9 per cent of adult speed of 
reaction but only 11.2 percent of adult regularity in the control 
of the reaction. According to Miles’ figures, adults of 60-89 
years react 77.8 percent as speedily as those under the age of 


11 Great care was taken to make sure that the child was always ‘set’ to respond 
before the signal was given. If, in spite of this, there was reason to think that a dis- 
traction had occurred, the reaction was not recorded. However, since the detection 
of all distracting influences is extremely difficult to accomplish, it is probable that an 
occasional instance of this sort has crept into the results. 
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60 but regularity of control has dropped to 57.5 percent of its 
former level. 

Individual differences among the subjects are marked at 
all age levels. This is true both of the median speed of re- 
action and of the mean variations from the individual medians. 
The reliability of the medians has been computed by the 
‘split-scale’ method and the results thus obtained have been 
corrected to correspond to the true length of the test series by 
means of the Spearman-Brown formula. The results, which 
are presented in Table 7, show a fairly satisfactory degree of 


TABLE 7 


Opp-E-ven RELIABILITY COEFFICIENTS FOR INDIVIDUAL MepIANS CoMPUTED BY THE 
PeARSON Propuct-MomMentT METHOD oF CORRELATION AND CORRECTED 
BY THE SPEARMAN-BROWN FORMULA 
































Boys Girls Sexes Combined 
Age 
N r N r N r 

33 26 853 2 759 53 -S1O 

4} 25 752 29 -755 57 754 

52. 54 903 57 -JOO it 894 

6}. 25 859 34 825 59 847 

72- 24 897 29 903 53 -9OO 

8}. 18 885 12 .886 30 880 

NRPS soe 13 g21 9 873 22 JOS 

a) — — 19 802 
College students.... 13 726 43 .QO4 56 886 














reliability at all ages with a slight tendency toward increase in 
the magnitude of the coefficients as age advances. In five of 
eight comparisons the reliability is slightly higher for the boys 
than for the girls. While this difference is well within the 
limits of chance, the tendency is in line with the other evidence 
pointing toward a small degree of male superiority in reaction- 
speed, since reliability as well as speed shows some tendency to 
improve with age. 

Table 8 shows the corresponding reliability coefficients for 
the mean variations as computed from the individual medians. 
These have been computed for three age-groups only. While 
these coefficients are sornewhat lower than those presented in 
Table 5, they are nevertheless high enough to indicate that 
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variability in reaction-time as well as its speed is a significant 
measure of the individual. 

We were interested in seeing to what extent individual 
differences in reaction-speed were maintained over a period 
of time. As was stated before, 106 children were retested 
after a period of one year and 58 after an interval of two years. 
The correlation between the individual medians after a one- 


TABLE 8 
RELIABILITY OF THE MEAN VARIATIONS FROM THE MeEpDIAN CALCULATED BY THE 
PropuctT-MoMENT METHOD AND CORRECTED BY THE SPEARMAN-BROWN 
PropHecy FORMULA 























34 54 | 74 
Age | 
r N r | N r N 
Re a 26 693 | 5 | 693 | 24 
Sdn Sint eelee't 823 27 752 | 57 | S648 29 





year interval was .675 which becomes .469 when age is held 
constant by partial correlation. As a check on the partial 
correlation technique we computed the correlation separately 
for a group of 37 children all of whom were aged five-and-a-half 
at the time of the first test and six-and-a-half at the time of the 
second test. This correlation was found to be .443. The 
difference is well within the limits of chance variation. For 
the 58 cases retested after an interval of two years, the correla- 
tion was .540 which becomes .370 with age held constant. 

In like manner, the correlations between the mean varia- 
tions from the individual medians were computed for the same 
subjects. For the single-year interval the correlation was 
found to be .454 which becomes .283 with age held constant. 
After a two-year interval the correlation is only .216 and this 
becomes practically zero when age is partialled out. The 
lower reliability of the mean variations must be considered in 
interpreting these results. 

Whether or not individual differences in reaction-speed are 
significantly related to general intelligence or ‘brightness’ is a 
question that has attracted the interest of psychologists since 
the days of Gilbert. Gilbert, working before the days of 


s 
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intelligence tests, made use of teachers’ judgments of the 
ability of their pupils by way of throwing light on this problem 
The children were classified into three groups, bright, average, 
and dull. When the median reaction-times of each group 
were plotted according to age, a very slight and irregular 
tendency for the bright to exceed the average and the average 
to exceed the dull in reaction-speed was found to exist. 
Nevertheless, the differences are so small and the curves cross 
and recross at so many points that only by careful inspection 
of the results for the entire range of ages can the general trend 
be detected. The correlation is evidently positive but very 
low. 

A somewhat more recent study by Peak and Boring ™ 
which was based on a comparison of the reaction-speeds of five 
college students with their scores on the Otis Intelligence Test 
and the Army Alpha Test under various conditions of timing 
has been much quoted. Their results appeared to show that, 
in the words of the authors, “‘there is a high correlation be- 
tween score in an intelligence test, speed in an intelligence test, 
and speed in a simple reaction.” However, because of the 
small number of subjects and the fact that these results were 
so much out of line with those obtained by previous workers, a 
check study using the same procedure was made by Farns- 
worth, Seashore and Tinker ?® with 35 college students as 
subjects. Their results do not confirm those of Peak and 
Boring. Practically a zero relationship was found between 
the intelligence tests used and simple reaction-time. The 
relationship between the tests and serial reaction-time was 
somewhat higher than that found for the simple reaction. 

Beck," using as subjects 30 college students, found very 
low though generally positive correlations between speed of 
reaction to a visual stimulus and scores on the Thorndike 
Intelligence test and on rate of reading. The reliability of the 


'? Peak, H. and Boring, E. G., The factor of speed in intelligence, J. Exper. 
PsyYcHOL., 1926, 9, 71-94. 

13 Farnsworth, P. R., Seashore, R. H. and Tinker, M. A., Speed in simple and serial 
action as related to performance in certain ‘intelligence’ tests, Ped. Sem., 1927, 34, 
537-551. 


4 Beck, L. F., Relation of speed of reaction to intelligence. Amer. J. Psychol., 


1932, 44, 793-795. 
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reaction-time scores for 100 trials given in 4 series of 25 trials 
each was found to be +.93. 

From these and other studies, it may be concluded that 
among adults, at least, there is little relationship between 
simple reaction-speed and intelligence level when the subjects 
are sufficiently homogeneous with respect to ability for an 
intelligence test to be useful as a means of distinguishing be- 
tween them. One does not need a test to tell the genius from 
the idiot, and in most cases, everyday observation will soon 
enable one to separate the extremes of ability even at the 
college level. The ‘high correlation’ reported by Peak and 
Boring is apparently found only among subjects of widely 
variant abilities. Among groups selected at random from a 
reasonably homogeneous population, the relationship is very 
slight. 

Nevertheless, because of the fact that even among children 
of the same age, significant relationships between traits have 
sometimes been found to exist during the developmental 
period which either disappear or become much lower after 
maturity has been reached, it seemed worth while to compare 
the findings from the reaction-time tests with the results of a 
series of intelligence tests given to each child within a few days 
of the date of the reaction-time experiment. ‘These tests 
included, at different age-levels, the Minnesota Preschool 
Tests, the Merrill-Palmer Tests, the Arthur Performance Scale 
and the Stanford Binet. No cases in which the reaction-time 
test was separated from the intelligence test by more than a 
two-week interval have been included. The relatively small 
number of cases who were given the Stanford is due to the fact 
that in a large number of the cases at the older ages, a pre- 
liminary form of the new revision of the Stanford which is as 
yet unpublished was used. Since data for combining the 
results of the old and the new revisions are not yet available 
we have been obliged to omit the cases who were given the new 
form in calculating the correlations presented in Table 9. 
The Minnesota Tests are divided into two parts, a verbal scale 
and a non-verbal scale, which are scored both separately and in 
combination. Both the verbal and the non-verbal scales are 
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scored wholly in terms of quality of performance; time is not a 
factor. The Merrill-Palmer Tests and the Arthur Scale are 
chiefly non-verbal (except for the matter of comprehending 
instructions the Arthur is wholly so), and a large percentage of 
the individual test items are scored in terms of time. Al- 
though a very small number of the items of the Stanford Binet 
are time-limited, the time allowances are so generous that 
practically all children who are capable of performing the 
tasks have ample time to do so. It is fair to say, therefore, 
that while speed of performance is a partial determinant of 
scores on the Arthur and the Merrill-Palmer tests, the Minne- 
sota and the Stanford scores are independent of speed. 

Table 9 shows the correlations by ages and sexes separately 
between reaction-speed and each of the two tests in which 


TABLE 9 


* BETWEEN REACTION-SPEED AND SCORES ON INTELLIGENCE TESTS 


Not Invotvinc SPEED 


CORRELATIONS 


















































Age 
34 4} 54 
B G B G B G 
Minn. Verbal............] --.Or +.19 —.31 —.19 + .33 +.04 
Minn. Non-Verbal........)) +.21 +.30 +.26 +.13 +.14 +.07 
Combined Scale..........] +.18 + .26 —.1I —.05 +.2 +.08 
Maa se 22 26 23 28 2 56 
54 64 74 
B G B G B G 
Stanford-Binet...........] +.43 +.57.| +.11 —.12 + .22 —.17 
EF ee Pree Teer 21 12 13 14 15 17 
8} 94 10}-11} 
B G B G xs B G 
Stanford-Binet...........] +10 — .03 — .05 —.22 — .64 +.39 
Pct ebeknaetsteansaes 8 7 II 8 7 6 




















* The Pearson product-moment formula was used in computing the correlations 
with the Minnesota test, the Spearman rank-order method for the Stanford. 
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speed is not a factor. Table 1o shows the corresponding 
correlations for the tests of which the scores are in part de- 
termined by speed. 

TABLE 10 


CORRELATIONS * BETWEEN REACTION-SPEED AND SCORES ON INTELLIGENCE TESTS 
IN WuicH SPEED 1s A FActTor 












































Age 
34 4} 
B G B G 
Merrill-Palmer r......... +.27 +-.41 + .34 +33 
Ga bss Us ee hc -oe eae 22 2 2 26 
5} 6} 74 
B G B G B G 
ATE Foc ccecssvcccces, GE +.08 +.39 +.24 +.58 +.31 
iis 446s06cebenseeeee 50 47 | 13 22 17 22 
84 94 104-114 
Arthur OT eee eT rer +.04 +.12 + .16 
RR reer rrcrerert 20 21 13 





* Because of the small number of cases who were given the Arthur tests after the 
age of 83 the sexes have been combined for these correlations. The Pearson product- 
moment method was used. 


The correlations shown in Table g are low and, in view of 
the small number of cases at each age, are well within the limits 
of chance variation from zero. However, the fact that 20 of 
the 30 coefficients included in this table are positive in sign, 
suggests that a more extensive study would probably reveal a 
very low positive relationship between reaction-speed and 
scores on intelligence tests that do not involve speed. There 
is no indication, however, that this relationship is any closer 
during childhood than that previously reported for the adult 
level. 

For the tests included in Table 10, the relationship is 
somewhat closer, though it is still rather low. All the co- 
efficients in this table are positive. The comparatively low 
correlation between reaction-time and scores on the Arthur 
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test, particularly at the upper ages is probably due, at least 
in part, to the low reliability of this test.’ Kawin’® has 
recently reported a reliability coefficient of +.59 for the 
Merrill-Palmer Scale. It is reasonable to suppose, therefore, 
that the correlations which were obtained between these tests 
and reaction-speed have been ‘attenuated’ by the unreli- 
ability of the measuring scales used to a much greater extent 
than those presented in Table g '’ and that if the ‘speed tests’ 
used had been equally as reliable as the ‘power tests,’ the 
difference between their respective correlations with the 
reaction-time scores would have been greater than that ob- 
tained in this study. Because of the small number of cases 
included in each age-group it did not seem advisable to 
correct for the attenuation factor since the probable error of 
such a correction would be very large. The direction of the 
change that would have been introduced is, however, fairly 
certain, though its amount is undetermined. 

Comparison of the mean reaction-speed of children from 
the upper socio-economic classes with that of the children from 
the lower social strata revealed no consistent differences be- 
tween the groups. This is in line with other studies which 
have commonly shown little difference between social classes 
in motor skills although tests of abstract intelligence and of 
facility in the use of language commonly show a marked 
superiority of the more favored socio-economic groups. 

Correlations of reaction-speed with height and with weight 
also tend to be positive but very low. With age held constant, 
the correlation between speed of reaction and standing height 
was found to be +.061 for boys and +.128 for girls. The 
corresponding figures for weight were +.248 for boys and 
+.044 for girls. 

15 See Table 29, pp. 69-79 in A Point Scale of Performance Tests, Vol. I1, by Grace 


Arthur. From this table it would appear that the correlation between Form I and 
Form II of the Arthur test averages not over .60 for a single-year age-group and that its 
reliability decreases with age. 

© Ethel Kawin, Children of Preschool Age, Chicago: University of Chicago Press, 
1933. 

7 The reliability of both the Stanford Binet and the Minnesota Preschool Scale 
has been found to be in the neighborhood of .go for representative groups of the 
same age. 
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Observational records of certain forms of personal-social 
behavior obtained by the time-sampling method were made of 
all children in the nursery school and kindergarten at the time 
that the tests were given. On the hypothesis that children 
who are physically less active than the average may show a 
corresponding retardation in reaction speed, we correlated 
their physical activity scores (based on the average of 40 half- 
minute samples taken on 20 successive days) with their 
median reaction-times, keeping ages and sexes separate. 
Five of the six correlations are positive (greater activity going 
with shorter reaction-time), and one slightly negative. The 
values range from —.0og9 to +.20 for groups varying in size 
from 10 to 36 cases each. 

A somewhat higher relationship seems to exist between 
speed of reaction and frequency of laughter, for which all six 
correlations are positive with values ranging from slightly 
above zero to +.52. For the two largest groups, consisting of 
34 five-and-a-half year old boys and 36 five-and-a-half year 
old girls the correlations with physical activity are +.201 and 
+.169 respectively while those with laughter are +.300 and 
+.194. While these findings need to be confirmed by further 
studies with larger groups, they raise a number of interesting 
theoretical questions as to the role of the reactive process in 
the organization and integration of the personality. 


SUMMARY 


1. By the use of the Miles Reaction Board it was found 
possible to determine the speed of simple reaction to a pre- 
dominantly auditory stimulus with a satisfactory degree of 
reliability in children as young as three-and-a-half years. 

2. The development of the reactive process during child- 
hood is shown not merely by improved speed of reaction but to 
an even more marked degree in the gaining of voluntary con- 
trol over the motor act. The improvement in voluntary 
control is shown in the gradual reduction of useless accessory 
movements preceding and accompanying the act of pressing 
the reaction-key, and in fewer signs of bodily tension as age 
advances. A quantitative indication of this aspect of de- 
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velopment is given by the changes with age in the variability 
in the speed of successive reactions by the same individual. 
The developmental changes in variability are much more 
marked than the improvement in average speed. Examina- 
tion of data collected by Miles suggests that a similar trend 
can be noted during the years of mental decline. Both the 
age-increment during childhood and youth and the age- 
decrement during senescence appear to be more clearly shown 
in the variability of the reaction than in its average speed. 

3. The slight sex difference in favor of the males which 
previous investigators have reported for adult subjects appears 
to hold good even in early childhood. The boys in our group 
tend to surpass the girls of the same age both in respect to 
average speed of reaction and in low variability from trial to 
trial. Sex differences, however, are very small in amount and 
there is much overlapping between the sexes. 

4. In agreement with the usual findings for adults, only a 
slight relationship was found between scores on intelligence 
tests which do not involve speed and the speed of a simple 
reaction for representative groups of child subjects. The 
correlations between speed of reaction and performance tests 
in which speed is a factor, although not high, were positive at 
all ages and for both sexes. No relationship between speed of 
reaction and socio-economic status was apparent. ‘The rela- 
tionship of reaction-speed to height and weight was positive 
but very low. 

5. [The degree of physical activity as indicated by time- 
sampling observations in the nursery school and kindergarten 
showed a small positive relationship to speed of reaction in 5 of 
6 groups studied. Amount and frequency of laughter during 
free play was found to be positively related to reaction-speed 
in all of the six groups studied but the correlations were 
not high. 


(Manuscript received June 6, 1934) 








AN ATMOSPHERE EFFECT IN FORMAL 
SYLLOGISTIC REASONING 


BY ROBERT S. WOODWORTH AND SAUL B. SELLS 


Columbia University 


True though it certainly is that the syllogism is a tool of 
logical analysis rather than a diagram of any typical reasoning 
process, the use of syllogisms as problems appears to be a 
promising lead in the experimental study of thinking. Es- 
pecially syllogisms with purely symbolic terms, such as 


All S is M; 
All P is M; 
Therefore, all S is P, 


have some of the advantages possessed by lists of nonsense 
syllables in memory experiments, in their freedom from ex- 
traneous associations and from factual truth or falsity. 
When such symbolic syllogisms, valid and invalid, are pre- 
sented in an experiment, as has been done by Storring (2-7) 
and by Wilkins (8), they are found to be very unequal in 
difficulty. Certain of the standard logical fallacies, like that 
of Undistributed Middle, offer much more difficulty than 
some others, as Universal Conclusion from Particular Prem- 
ise. Why some syllogisms make easy problems and others 
difficult ones is a question for psychological inquiry. 

In scrutinizing the detailed reports of Storring and Wil- 
kins, we have succeeded in formulating three hypotheses 
which, taken together, seem to account for the observed 
differences in difficulty, the presence of difficulty being 
indicated either by the subject’s introspective report or by 
the objective fact of his acceptance of an invalid conclusion. 

The first hypothesis will be readily accepted. It is simply 
that difficulty arises from the ambiguity of the language in 
which syllogisms are expressed. Ambiguity attaches es- 
pecially to the word ‘some,’ as in “‘Some X is Y.”’ By the 
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conventions of formal logic ‘some’ means ‘at least some,’ 
1.e. “some and perhaps all,’ while in ordinary speech it often 
carries the implication, ‘some but not all.’ A person not 
familiar with formal logic may therefore regard it as perfectly 
correct to infer from ‘‘Some X is Y”’ that “Some (other) X 
is not Y.” 

The second hypothesis is that of caution or wariness on 
the part of the subject in an experiment. It is evidently 
more incautious to accept a universal than a particular 
conclusion, and probably it is more incautious to accept an 
affirmative than a negative proposition. At any rate a 
larger percent of invalid particular conclusions are accepted 
than of universal, and of negative than of affirmative. 

The third hypothesis, that of ‘atmosphere,’ demands 
fuller explanation and defence. The atmosphere of the 
premises may be affirmative or negative, universal or partic- 
ular. Whatever it is, according to the hypothesis, it creates 
a sense of validity for the corresponding conclusion. An 
affirmative atmosphere in the premises makes it easy to 
accept an afhrmative conclusion, etc. 

An analogous kind of ‘atmosphere’ accounts for many 
grammaticalerrors. A heedless speaker or writer often makes 
the verb agree in number with the general atmosphere of the 
subject phrase instead of with the noun which is the formal 
subject. For instance: 


“The laboratory equipment in these situations were in many instances essentially 
the same as those used before.” 

“A common background of emotional conflict, repression, and abnormal reactions 
of a motor, visceral or perceptual nature, have justified an inherent relationship.” 


Still another analogy is found in the ‘confluxion’ illusions, 
such as the Miiller-Lyer, in which the observer sees one of 
two equal lines as longer than the other because the total 
impression of one part of the figure is bulkier than that of 
the other part. He finds it difficult in the figure and in the 
sentence, as in the syllogism, to analyze out the precise fact 
or relationship with which he is trying to deal. 

The atmosphere hypothesis was first suggested by the 
difficulties of ‘simple conversion,’ as brought out by Ejidens 
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(1) and by Wilkins. If we use the customary symbols for 
the four standard propositions, we have the following table, 
derived from the data of Wilkins. 


PERCENT OF COLLEGE StruDENTS ACCEPTING THE SIMPLE CONVERSE OF 
SYMBOLIC PROPOSITIONS 
A = universal affirmative, as “All XY is Y”......... 


Peer Teer ee 
gs C8 jg ee rr, 
I = particular affirmative, as “Some X is Y”. 2... 0... ce cece ee ee ee ee ee ee QO 
O = particular negative, as “Some X is not V"’........ cc cece cece ce cece ee ee 53 


‘Atmosphere’ can account for the acceptance of the simple 
converse of 4 or O, which is invalid, as well, no doubt, as for 
some of the acceptances of the valid converse of F or J. 
‘Caution’ can explain the failure of a considerable percent to 
accept the converse of £, and the less frequent acceptance 
of the converse of 4 than of J. 

According to the atmosphere hypothesis, 


A has an all-yes atmosphere 
E has an all-no atmosphere 
I has a some-yes atmosphere 
O has a some-no atmosphere 


When the subject does not see the relationships clearly, 
he is influenced by the atmosphere of the premise, and is 
inclined to accept the simple converse of any symbolic prop- 
osition. 

The hypothesis needs to be supplemented or elaborated 
in order to cover the case of the syllogism with its two prem- 
ises. If they are both of one kind, 4, E, J or O, atmosphere 
clearly calls for a similar conclusion. But if one premise is 
A and the other J, the atmosphere is partly universal and 
partly particular, a blend of all and some, which would cer- 
tainly be weaker than a straight all, and thus would amount 
to a some. 

In general formulation the secondary hypotheses suggested 
for application to syllogistic reasoning are (1) that a particular 
premise creates a some atmosphere, even though the other 
premise be universal, and (2) that a negative premise creates 


a negative atmosphere even though the other premise be 
affirmative. 
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In detail, the secondary atmosphere hypotheses are that: 


with premises 44, atmosphere calls for an 4 conclusion; 
with premises AE or EF, it calls for an £ conclusion; 
with premises 4/ or JJ, it calls for an J conclusion; 


with premises AO, EI, EO, IO or OO, it calls for an O 
conclusion. 

The reader can judge for himself whether there is any 
prima facie case for atmosphere by glancing through the 
following list of syllogisms, asking himself simply which 
conclusions seem easiest to accept. 


AA If all X’s are Y’s, and all Z’s are Y’s, then: 
A All X’s are Z’s 
I Some X’s are Z’s 
O Some X’s are not Z’s 


E No X’s are Z’s 


AI If all X’s are Y’s, and some Y’s are Z’s, then: 
A All X’s are Z’s 
I Some X’s are Z’s 
O Some X’s are not Z’s 


E No X’s are Z’s 


AO lfall X’s are Y’s, and some Z’s are not X’s, then: 
A All Z’s are Y’s 
I Some Z’s are Y’s 
O Some Z’s are not Y’s 


E No 2Z’s are Y’s 


AE If all X’s are Y’s, and no X’s are Z’s, then: 
A All Z’s are Y’s 
I Some Z’s are Y’s 
O Some Z’s are not Y’s 
E No Z’s are Y’s 


II Ifsome X’s are Y’s, and some Y’s are Z’s, then: 
A All X’s are Z’s 
I Some X’s are Z’s 
O Some X’s are not Z’s 
E No X’s are Z’s 


IO If some X’s are Y’s, and some Y’s are not Z’s, then: 
A All X’s are Z’s 
I Some X’s are Z’s 
O Some X’s are not Z’s 


E No X’s are Z’s 


IE If some X’s are Y’s, and no Y’s are Z’s, then: 
A All Z’s are X’s 
I Some Z’s are X’s 
O Some Z’s are not X’s 
E No 2Z’s are X’s 
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Vi 


OO If some X’s are not Y’s, and some X’s are not Z’s, then: 
A All Y’s are Z’s 
I Some Y’s are Z’s 
O Some Y’s are not Z’s 
E No Y’s are Z’s 
OE If some X’s are not Y’s, and no Y’s are Z’s, then: 
A All Z’s are X’s 
I Some Z’s are X’s 
O Some Z’s are not X’s 


E No Z’s are X’s 
EE If no X’s are Y’s, and no X’s are Z’s, then: 
A All Y’s are Z’s 
I Some Y’s are Z’s 
O Some Y’s are not Z’s 
E No Y’s are Z’s 

The more definite evidence which we have to present as a 
check on the atmosphere hypothesis comes from two syl- 
logism experiments, one being that of Wilkins, already cited, 
and the other an unpublished study by Sells. Wilkins had as 
subjects 81 Columbia College undergraduates, while Sells 
had go educated adults who were regularly employed as 
subjects on the Civil Works Administration project in Adult 
Learning, conducted at the Institute of Educational Re- 
search, Teachers College, Columbia University, under the 
direction of Dr. Irving Lorge, in 1934. 

The syllogisms were presented somewhat differently in the 
two experiments, and in neither exactly as shown in the above 
list. Wilkins presented three conclusions with each of 35 
pairs of premises, as for example: 


No a’s are b’s; some a’s are c’s; 


therefore 
a. some c’s are not b’s_ (accepted by 71 percent) 
b. noc’s are b’s (accepted by 23 percent) 


c. some b’s are notc’s (accepted by 47 percent) 


Here the first conclusion is valid, and usually in the Wilkins 
experiment one or more of the suggested conclusions was 
valid (instead of all being invalid as in our list above). The 
subjects were instructed to mark each separate conclusion as 
valid or invalid. The results of this experiment, so far as 
they have to do with the acceptance of invalid conclusions 
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from purely symbolic premises, have been extracted by the 
authors from the Wilkins data and are presented here in 
Table I. 

In the Sells experiment 300 syllogisms were presented, 
each with a single conclusion to be marked as ‘true’ or ‘ false,’ 


as in the example, 
If no x’s are y’s, 


And if all z’s are y’s; 
Then no z2’s are x’s. 


The results of this experiment by Sells are shown in Table II. 

The question answered by Tables I and II is this: Given 
two premises of the types shown in the left-hand column, and 
a suggested conclusion of the type shown at the top of a 
column, what percent of the subjects accept the conclusion 
as valid when, logically, it is invalid? Each entry shows the 
responses of the 81—go subjects to one or more problems; but 
where there are blanks in the tables, no problems of the 
corresponding type were presented. 

The bold-faced numbers in the tables show the percent 
accepting invalid conclusions which are favored by ‘atmos- 
phere’; and it will be seen that these percents are always 
substantial, and larger, with few exceptions, than the per- 
cents accepting invalid conclusions not favored by atmos- 
phere. ‘The exceptions, and indeed nearly all the acceptances 
not accounted for by atmosphere, can be brought under the 
other two hypotheses of ‘caution’ and of the ambiguity of 
some. For many subjects, “Some are”’ implies “Some are 
not’? and vice versa. When therefore an J conclusion is 
favored by atmosphere, we can expect an O conclusion also 
to be often accepted; and vice versa. 

‘Caution’ would lead to the acceptance of a particular con- 
clusion when atmosphere favors the corresponding universal. 
Thus, with the premises 44, we find fully as many subjects 
accepting the J as the 4 conclusion; and similarly when 
atmosphere calls for an E£ conclusion we find large percents 
accepting the O conclusion as well. There is however excel- 
lent logical ground for such acceptances, once ‘atmosphere’ 
is recognized; for an 4 proposition logically implies its sub- 
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TABLES SHOWING THE ErFect oF ATMOSPHERE ON ACCEPTANCE OF INVALID 
CoNcCLUSIONS 
Entries indicate average percent accepting each type of false conclusion from given 
premises. Blanks mean that the corresponding types were not tried in the experi- 
ments. 









































TABLE I 
(n = 81) 
Types of Invalid Conclusion 
Premises 
A E I O 
AA.. 36 33 II 
AE... 4 45 4 34 
EE.. 3 21 13 
Sth eewnteekesan eae bes 6 62 39 
Ne Te eR ee 51 29 
NE 64-6850 beck ene een 33 47 
Rarer et sry Boe 23 ~ 44 
00.. 18 32 
TABLE II 
(n = 90) 
Types of Invalid Conclusion 
Premises 
A E I O 
Sh edt acne sade eae 51 66 27 
ceed pede 8 51 19 54 
DT Cais buh oe deeded acne 56 59 
Nbc debekebandeaubuse 41 37 
I dak np Scllieais egteae bral Soe kaa tal 18 66 
DL. 6c adannadcebetaaanen 21 70 
| 68 
AO. 18 41 71 
OA 21 43 74 
EI 31 58 
eh ha.264 decidua inedae 32 59 
IO.. 60 
EEE See TT 63 
EO.. 53 
OE.. 49 
Re es ere 54 

















ordinate J, an E its subordinate O. Whenever a subject 
would have accepted an 4 conclusion, he should be willing 
to accept an J also. (He would not do so, of course, if and 
when he took some to mean not all.) Thus nearly all the 
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acceptances not referable to mere atmosphere can be explained 
by atmosphere plus a little logic, or by atmosphere weakened 
by caution, or by the ambiguity of some. The only remaining 
exception of any importance is the fairly large percent 
accepting conclusion £ from premises EJ, where atmosphere 
favors O and not £. A syllogism in which this occurred is 
quoted from Wilkins on page 452 above. 

The order of the premises seems to have little effect on 
their atmosphere or on the acceptance of the conclusion. 
Table II affords a comparison of six pairs of premises pre- 
sented in both orders. We observe that, with premises 4E, 
51 percent accepted a false E conclusion, as against 56 per- 
cent accepting this conclusion from premises in the reverse 
order, EA. The other comparisons show similar small differ- 
ences. 

An interesting corollary of the atmosphere hypothesis 
has to do with valid conclusions. Since the secondary hy- 
potheses of atmosphere (page 453) correspond with certain 
formal rules of the syllogism, to the effect that if one premise 
is negative the conclusion must be negative, and if one premise 
is particular the conclusion must be particular, atmosphere 
should function to facilitate the drawing or acceptance of a 
valid conclusion. Therefore the valid conclusions should be 
less difficult than the invalid. In the Sells experiment with 
300 syllogisms the average percent of errors for the 71 valid 
items was 16, while for the 229 invalid items it was 40. For 
48 items presenting the Fallacy of Universal Conclusion from 
a Particular Premise, which proved to be the least difficult 
of the nine formal fallacies presented, the average percent of 
errors was 20. 

A further bit of evidence for atmosphere can be drawn 
from the Wilkins data on acceptance of valid conclusions. 
Premises AA are capable of yielding valid conclusions in 
either 4 or J, and premises AE (or EA) can yield valid con- 
clusions in E or O. Atmosphere should give the advantage 
to the 4 conclusions from 44, and to the E conclusions from 
AE, whether valid or invalid. The percents of acceptance 
are as follows: 
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PUG 6: bb Heeneccdncesen AA AE 
CI onan nsdessdecons A I S.D.aift. E O S.D.aift. 
WE Sci Ke dseetesconena 96 76 3.5 80 59 3.0 
ee oe 33 3.2 45 34 4.9 
Valid-Invalid............] 60 43 35 25 























Reading horizontally in this table we see that valid conclu- 
sions, as well as invalid, are more often accepted when 
favored by atmosphere than otherwise. Reading vertically 
we see that the valid conclusions are more often accepted 
than the invalid. The difference, Valid-Invalid (like the 
difference Right-Wrong in a True-False test) can be regarded 
as a measure of the amount of acceptance of the valid con- 
clusions which is due to seeing the logical relationship. That 
is, while this group of college students showed a 96 percent 
acceptance of the valid 4 conclusions from AA premises, 
they also showed a 36 percent acceptance of invalid 4 con- 
clusions from the same type of premises, because of atmos- 
phere or other illogical factors, and therefore they can be 
credited only with a 96 — 36 = 60 percent net score for 
genuine understanding of the relationships in AAA syl- 
logisms. ‘Their understanding was much less in AEE syl- 
logisms. 

The evidence for the atmosphere hypothesis falls short of 
what would be demanded for a complete demonstration. The 
gaps in the tables need to be filled in by further experiments 
now in progress. These gaps represent types of syllogisms 
which are usually considered too absurd to deserve a trial, 
and reference back to our first list of sample syllogisms will 
show how absurd many of them are. Still they should be 
tried and may prove to be more deceptive than they seem. 


SUMMARY 


The problem is that of discovering psychological factors 
operating towards the acceptance of invalid conclusions in a 
syllogism test. Three such factors are suggested: the ambi- 
guity of the word some, which is used in a distributive sense 
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in logic (‘at least some’) and very often in a partitive sense 
in ordinary speech (‘only some’); ‘caution’ or wariness, 
favoring the acceptance of weak and guarded rather than of 
strong conclusions; and ‘atmosphere,’ the global impression 
or ‘feel’ of the premises, which is affirmative or negative, 
universal or particular. Examination of the data from two 
experiments indicates that nearly all the acceptances of 
invalid conclusions can possibly be explained by these three 
hypothetical factors. 


(Manuscript received March 27, 1935) 
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AN EXPERIMENTAL STUDY OF THE PAIRING 
OF CERTAIN AUDITORY AND VISUAL 
STIMULI! 


BY JOHN T. COWLES 


In spite of the accepted variabilities of effect of either 
auditory or visual stimuli and the supposed incompatibility, 
or at least complexity, consequent upon combining the two 
modes, equivalence in certain gross effects upon the observer 
seems fairly common in everyday life. The following experi- 
ment was directed to find what agreement there might be 
among individuals as to the correlation of music with graphic 
art, and to find any causes of such correlation. 

Walker ? has employed a combination of music and pictures 
in studying the relative musical development of children. 
Six simple melodies were played; the child was asked to 
characterize each verbally. Then, as each melody was played 
again, the child was asked to select from a group of six pictures 
the one which was most suitable. <A prearranged correspond- 
ence was expected, such as a picture of marching soldiers with 
the ‘March’ melody, or the picture ‘Mother at the Cradle’ 
with the ‘Lullaby’ melody. Agreement with this (adult) 
correspondence was most frequent in the case of those children 
best able to describe the isolated melodies. 

In the present experiment the subject listened to a musical 
selection played on a phonograph, and at the same time he 
viewed one by one a group of colored reproductions of paint- 
ings. ‘Ten subjects observed a preliminary series of eight 
musical selections and eight pictures, in order to determine 
whether there was any significant agreement as to which 
picture aroused an affective mood most similar to each selec- 
tion of music. Such agreement was found, even though the 
pictures in this series were simple landscapes; it ranged from 


1 From the Psychological Laboratory of Princeton University. 
?Walker, E., Das musikalische Erlebnis und seine Entwicklung. Gottingen: 


Vandenhoeck, Ruprecht, 1927. Pp. 83, 91-96. 
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an agreement of seven subjects on each of two combinations to 
three subjects on each of three combinations. In this pre- 
liminary series and Series A the subject was instructed to 
choose the picture whose affective mood was most similar to 
that of the music being played, but in Series B the subject was 
asked merely to select the picture which “best fits the music;”’ 
he then recorded his basis of choice in a brief introspective 
account of what in the music and in the picture, or in neither, 
brought about such a correspondence. This last category, “‘in 
neither,” gave an opportunity for the recording of such factors 
as extraneous associations, which might have affected the 
choice. After each choice, the picture selected was replaced 
in the group as a possible choice during succeeding musical 
presentations. 

In the case of each choice, the subject was asked to record 
the degree of correspondence of picture and music, on a simple 
scale of three: well, fairly, poorly. ‘This presumed that, while 
the picture which was chosen might fit only poorly, it would 
correspond at least to some degree. The subject was also 
asked to record his familiarity with the music and with the 
pictures. 

The musical selections in all cases were instrumental music 
played on the phonograph. Music was selected which would 
probably be unfamiliar to most listeners. The selections 
differed in character, but within each one there were no more 
than slight or uniform variations in volume, tempo, or tone 
quality. 

The sound source was placed behind the subject, who was seated at a table with a 
large screen of neutral color so placed as to exclude visual distraction. The experi- 
menter controlled the phonograph in a different room; an electric pickup and radio 
amplifier with speaker made this possible. A buzzer and key allowed the subject to 
signal for change in musical selections. Needle scratch and distortion were minimal. 

The pictures used were colored reproductions of paintings, averaging about 7} 
in. by 9} in., mounted on heavy white cards, uniformly 11 in. by 14 in. They were, 
for the most part, landscapes or scenes of simple content, with no limitation to a certain 
style. The cards were numbered in each series on the reverse side, and were viewed 
singly in regular and then reverse order for each musical selection. Although the 
subject controlled the time of exposure, there were but slight differences in total time 
for the various subjects. Fatigue was negligible, the experiment lasting for a half hour 


or less in each case. 
Each series had a different group of subjects. ‘They were undergraduates in Prince- 
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ton University, most of whom had some knowledge of psychological method but who 


were relatively unpracticed in introspection. 


As evidence of the unfamiliarity of the 


music throughout the experiment, in only 45 of a total of 512 cases was the music re- 


ported as more than slightly familiar. 


before was negligible. 


PHONOGRAPH REcorRDS 


The number of pictures which had been seen 

















I. Mars (Part I), from ‘Planets’ suite..... .. .Holtz (Columbia) 

II. Allegro.. . .Fiocco (Victor) 

III. Siegfried Idyll (Part 1). ...Wagner (Columbia) 

IV. Marche Joyeuse.. aidae nee (Victor) 

V. Tannhauser, Conustaun Music (Part 1) aura ean Wagner m 

VI. Symphony III, Marche Funebre (Portion)....... Beethoven - 
VII. Die Meistersinger, Overture (Part I)............Wagner ws 

Note: In Series B, for Record II was substituted ‘Ballet des Sylphes’ by Gounod 

(Victor). 

PicTURES 
EET TEE CETTE ees (Artex Print) 
eB eee ...Homer ™ ” 

S. TPES BOE LOU, 6... .05 oc ccc cn sect ec ss cs seneeet (Museum Print) 

aide ake thee seen eaindsoeen Jaeckel (Seeman Print) 

©. CHPIRRTIRIEIOROEE, 065 oc cece cccncscevecsecs Caspar-Filser ‘“ 

eer eee S: (Museum Print) 

7. Fleeing from the Flames..... . .Schreyer ™ " 

TABLE I 
Series A. CuHoices or 26 SUBJECTS 
Musical Selections 
Pictures 
I II III IV Vv VI VII 

ferrree .O 3.8 80.8 .O .O 11.5 11.5 
Riceewes 57-7 .O .O 3.8 46.2 7.7 26.9 
Siviwues 3.8 19.2 .O 34.6 3.8 3.8 79 
errr. .O .O 3.8 7.7 .O 46.2 11.5 
rere 2.9 3.8 15.4 15.4 23.1 23.1 30.8 
Gesieuva .O 73.1 .O 15.4 .O 3.8 7.4 
, 30.8 .O .O 23.1 26.9 3.8 3.8 


























The figures in all tables are percentages. 


Repucep SERIES JA. 


TABLE II 














17 Supyects; Musicau Setections V, VII, Pictures 5, 7 
OMITTED 
| Musical Selections 
Pictures 
I II Ill IV VI 
.. .O .O 82.5 .O 29.4 
i 82.5 .O .O 17.7 17.7 
Perr er Ty errrr re TT Ter Tr .O 47.1 .O 17.7 11.8 
4.. 11.8 .O 11.8 29.4 41.2 
6.. 5.9 53.0 5.9 35.4 .O 
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TABLE III 


Series 4. 14 Musicatty Trainep SuBJEcTS 

























































































Musical Selections 
Pictures 
I II III IV V VI VII 
ee .O 7.1 85.7 .O .O .O 7.1 
B.. 57.2 .O .O 7.1 50.0 7.1 35.8 
Rain .O 14.3 .O 42.8 .O 7.1 14.3 
oe .O .O .O 14.3 .O 42.8 7.1 
SNE Te ere 14.3 7.1 14.3 14.3 14.3 35.8 21.4 
- .O 71.4 .O 14.3 .O 7.1 7.1 
Tee Tee Tre 28.6 .O .O 7.1 35.8 .O 7.1 
TABLE IV 
SERIES A. 12 UNMusICAL SUBJECTS 
Musical Selections 
Pictures 
I Il III IV V VI Vil 
I .O .O 75.0 0 .O 25.0 16.7 
3. 58.3 .O .O .O 41.7 8.3 16.7 
Cieceewesewsaes 8.3 25.0 .O 25.0 8.3 .O .O 
hes .O .O 8.3 .O .O 50.0 16.7 
5. .O 0 16.7 16.7 33-3 8.3 41.7 
Ba: .O 75.0 .O 16.7 .O .O 8.3 
| ee 33.3 0 .O 41.7 16.7 8.3 .O 
TABLE V 
Series B. 33 SuBjEcTs 
Musical Selections (As in Series A, except, II) 
Pictures 
(Same as Series A) 
I Il Il IV VI 
Ria 0 24.2 63.6 0 12.1 
oe 36.4 3.0 .O 57-5 3.0 
a 6.1 12.1 6.1 6.1 0 
Ais .O .O 12.1 .O 48.5 
- 12.1 6.1 12.1 12.1 36.4 
ia 9.1 54.5 6.1 .O .O 
9.5 36.4 .O .O 24.2 .O 
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TABLE VI 


Series B. 18 MusicaALty TRAINED SUBJECTS 












































Musical Selections 
Pictures 

I Il Ii! I\V VI 
Ras fo) 33.3 55-5 .O 11.1 
Ri. 33.3 .O .O 66.7 5.6 
Be 5-6 5.6 .O 5.6 .O 
4.. fe) .O 16.7 .O 61.1 
Sos 16.7 0 16.7 5.6 22.1 
e.. 5.6 61.1 11.1 O .O 
ia edi be oe ba eee ewes Ket 38.9 d O 22.2 0 

TABLE VII 

Serres B. 15 Unmusicat Susjects 
Musical Selections 
Pictures 

I Il III IV VI 
in tb. bie dese edcaeicewtenkes 0 13.3 73.4 .O 13.3 
Bas 40.0 6.7 .O 46.6 fe) 
, 6.7 20.0 13.3 6.7 Oo 
4s. .O .O 6.7 .O 33.3 
Css 6.7 13.3 6.7 20.0 4 
o.. 13.3 46.6 O .O fe) 
Dive 33-3 O O 26.7 O 




















DiscussION OF DATA 


In Series 4 certain fairly high agreements appear, especi- 
ally for combinations II-6, II1I-1, VI-4, I-2, and V-2. These 
last two combinations, in each of which about half of the 
subjects agreed, may indicate that the same factors in Picture 
2 brought about a correspondence with both selections of 
music, or that both selections of music were similar in effect. 
It is perhaps fully as significant as the agreements upon certain 
combinations that 14 out of the 49 possible combinations of 
pictures and music were not selected. We might distinguish 
several degrees of exclusion of combinations. In the case of 
Music III, for example, we find a well defined mode with only 
two other pictures ever selected for combination. In the 
case of Music VI we find an agreement of nearly half the 
subjects upon Picture 4, but those who did not select that 
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picture chose every possible one. Here the mode was well 
defined but the scatter great. Inthe case of Music I, however, 
we find two modes with practically no scatter; and in the case 
of Music VII or Picture 5 we find scatter approaching com- 
plete disagreement, with no well defined mode. Hence there 
seems to be all degrees of agreement on the part of the sub- 
jects, from the cases of four musical selections in which a 
definite mode was established with but slight scatter to the 
cases of Music VI and VII or Picture 5, where every possible 
combination was selected. 

The reduced Series 4 was simply a repetition of Series 4, 
but with musical selections V and VII and Pictures 5 and 7 
eliminated. This reduction in the number of musical selec- 
tions and pictures was made in order to find out whether this 
might compel subjects, differing from each other but slightly 
in their interpretation of the mood effect of the music and 
pictures, to center their judgments on fewer combinations. 
The results are not conclusive, as will be seen from Table 2. 
A larger percentage of the subjects selected the combinations 
I—2 and III-1, and there appeared two, nearly equal and well 
defined modes for Music II, 1.e¢. Pictures 3 and 6, where in the 
previous series there had been a single mode and considerable 
scatter. Different observers were used in order to avoid the 
influence of previous judgments. [ Uncontrollable changes in 
attitude would have occurred.] Approximately the same 
proportion of pictures was never selected as in Series 4, an 
even more significant fact than before, considering the smaller 
number of possible choices. In addition to this, five new 
combinations were selected in this series not chosen in Series 4, 
1.e. I-4, 1-5, III-5, V-1, and V-4. This choosing of new 
combinations only tended to offset a concentration of judg- 
ments. It is interesting to note that of these five new com- 
binations, chosen 16 times, 4 choices were judged to correspond 
‘well,’ which is approximately the same proportion of ‘well’ 
choices as in the other combinations of the reduced Series 4, 
but quite different from the proportion of such choices in the 
full Series 4. The greater freedom of choice in the full series 
might have been a factor here. 
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In Series B the instructions to the subject were altered: 
he was asked simply to ‘select the picture which best fits the 
music,’ and to report what seemed to lead to his choice. 
From the introspective reports of this series it was evident, 
despite individual differences of attitude, training, and per- 
ceptive processes, that when many subjects chose a certain 
combination their reasons for so doing were strikingly similar. 
And, of these more frequent combinations, wherever a picture 
was selected to correspond with a selection of music with 
prominent dynamic characteristics, such as marked rhythm, 
changes in loudness, peculiar tempo, it was the represented 
content of the picture which appeared most often in the 
various reports of the reasons for such correspondence. The 
adjectives applied to the music were most frequently those 
implying that particular motor activity which was represented 
in the picture. Furthermore, in the case of these selections of 
music with prominent dyanmic qualities, the pictures in 
practically all cases were interpreted in motor terms, similar or 
identical with those terms of rhythm, tempo, loudness changes, 
in which the music was described. Line and color of the 
picture were but rarely mentioned. ‘There were also very few 
reports upon mood. For example, of the 24 choices of the 
combinations Music I—Picture 2, Music I—Picture 7, de- 
scriptions of dynamic qualities of the pictures occurred in all 
but 4 choices: in one of these the effect of color was noted, in 
the other three an affective reaction of mood. Similarly, of 
the 18 choices of Music II—Picture 6, the only subject not 
attributing correspondence to a dance rhythm in the music and 
a dance represented in the picture was one who reported a 
certain musical association. 

On the other hand, in the case of those selections of music 
with less prominent, less changing dynamic characteristics, we 
find the pictures more often interpreted in terms of mood, as 
‘restfulness,’ ‘desolation,’ or ‘sadness,’ and with more frequent 
mention of colors and lines. 

With the exception of Music VII in Series 4, it was found 
that those combinations in which 30 percent or more of the 
subjects concurred are such that, with music of conspicuous 








468 JOHN T. COWLES 


motor qualities, only pictures with some content, capable of 
activity, are chosen; while with music of lesser dynamic 
qualities only those pictures are selected which have much less, 
more indefinite content, incapable of motor activity. With 
but very few exceptions, pictures with ‘less content’ were 
never chosen with ‘dynamic’ music; while pictures of ‘con- 
tent’ were never chosen with ‘less dynamic’ music. It would 
appear that dynamic qualities, or their absence, are prominent 
as a deciding factor in the choice of a combination. 

The reasons for the rarely chosen combinations were 
usually superficial associations suggested either by the music 
or the picture; several subjects admitted that there were 
definitely non-agreeing elements in the stimuli; some gave no 
definite reason or mentioned vaguely an aroused mood. 

As to the frequency of choice of combinations in Series B 
as compared with Series 4 and the reduced Series 4, we find a 
degree of correspondence comparable to that of the previous 
series. ‘The modes were more definitely established as to 
pictures selected for musical selections IV and VI, with less 
scatter of judgments here even though there were more sub- 
jects than in any of the previous series. On the other hand, 
there was more scatter for Music I and III. Two or more 
pictures were never selected from the seven possible choices 
for each piece of music, which is slightly more than the pro- 
portion not selected in the previous series for the same selec- 
tion. Any higher, general agreement in this series may be due 
to the fact that here, since an introspective report was re- 
quired, the subjects had to employ more care in judging; and 
also because of the fact that in this series the subjects were not 
required to assume a particular attitude of affective response, 
to which they may have been unaccustomed and which they 
might have found artificial in the other series. 

In Series 4 and Series B the subjects were classified into 
musical and unmusical groups, that is above or below the 
average in musical training and ability, so far as could be 
determined by interview. The tables III, IV, VI, and VII 
show that there is no significant difference for either series 
between the frequency of judgments of the two groups of 
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subjects as thus differentiated. The diversity of judgments is 
greater in the case of certain musical selection but less in the 
case of others, if we compare the two groups. This is true for 
both of these series. So few subjects were ‘artistic’ with 
respect to pictorial art that it was of no value to differentiate 
them as a separate group. 

In the introspective reports of Series B we found practically 
no difference between these two types of subjects in the sort of 
reasons given. The associations noted by the musical more 
often included musical associations, such as ‘folk songs,’ 
‘Scheherazade Suite,’ ‘Grofe’s Suite,’ and so forth, than those 
associations recorded by the unmusical. Nevertheless, the 
two groups were quite undifferentiated as to ability to make an 
analysis of their choice of combinations. 


SUMMARY 

1. Partial agreement was found in the choosing of certain 
pictures to correspond with certain selections of music. This 
agreement was essentially the same when the choice was to be 
based upon equivalence of mood as when the choice was simply 
one of correspondence and with an introspective report of 
reasons. Certain combinations were never chosen. 

2. For a given combination the introspective reports 
agreed in a striking degree. Among the combinations most 
frequently chosen, pictures with represented content capable 
of motor activity were nearly always selected with the musical 
selections of prominent dynamic changes; and likewise, pic- 
tures of slight content were nearly always selected with music 
of relatively weak dynamic qualities. The introspective re- 
ports suggested this relationship. The less dynamic music 
and the pictures with less express content were most often said 
to correspond on a basis of mood or abstract elements. 
Formal elements of the pictures, however, were but rarely 
noted. Rhythm, tempo, and changes in loudness were most 
frequently noted in the music. There was no mention of 
hedonic response. 

3. No substantial difference was found either in the choices 
or reports of musical and unmusical observers. 


(Manuscript received June 12, 1934) 











A PRELIMINARY STUDY OF BISECTION OF LINES! 
BY LEONA CHIDESTER, M.A. 


Menninger Clinic, Topeka, Kans. 


The perception of the mid-point of a line is a relatively 
simple perceptual task, and one which has been the subject of 
many psychophysical researches. The early bisection experi- 
ments of Fechner, Volkmann, Chodin and others have been 
reviewed in some detail by Wolfe (10). A complete review 
of the literature will not be attempted here, but we shall indi- 
cate some of the general problems with which such studies 
have been concerned. 

(1) Buhler (1) has pointed out that, in perceiving a line 
which is divided into two segments, one may have an immedi- 
ate ‘impression of proportion’ which is surprisingly precise. 
He found the sensitivity to differences in proportion to be 
about twice as great as the sensitivity to differences in length 
between isolated lines. 

In bisection experiments we have to do with a perceptual 
process which may perhaps be regarded as the simplest type 
of ‘Gestalt’ perception. 

(2) Some experimenters have been especially concerned 
with the variable error of bisection as a measure of spatial 
sensitivity and with the dependence of the magnitude of this 
error on the length of the bisected line. There has been some 
controversy as to whether Weber’s law applied here; most 
experimenters agree that it is approximately satisfied (cf. 
Wolfe (10)). 

(3) Many investigations have paid particular attention 
to the constant errors of bisection. These constant errors are 
of some importance for the theory of visual space perception. 
Kundt (6), in 1863, reported some experiments on the bi- 
section of horizontal lines in monocular vision. He found a 


‘The experiments described in this paper were performed in the Psychological 
Laboratory of the Ohio State University. The writer wishes to acknowledge the aid 
received from Professor F. N. Maxfield in planning and carrying out this work. 
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tendency to make the ‘inner’ half of a line (the half which is 
imaged on the temporal retina) shorter than the outer half, 
(the half which is imaged on the nasal retina). Hering (5) 
attributed this result to a non-uniformity in the distribution 
of retinal ‘space-values.’ 

The work of later experimenters has shown that it is im- 
possible to generalize Kundt’s conclusions, which were drawn 
from experiments employing only one observer and one par- 
ticular length of line. For example, Feilchenfeld (2) obtained 
the same result as Kundt with very long lines, while with 
shorter lines his constant error was practically zero. R. 
Fischer (4) reported that his constant errors were opposite 
in direction to Kundt’s; when he attempted to bisect a line, 
he consistently made the outer half shorter than the inner 
half. Munsterberg (7), on the other hand, obtained still a 
different sort of result. His tendency was to overestimate a 
distance on the left, as compared with a distance on the right, 
no matter which eye was being used. But Wolfe (10) em- 
ploying a large number of subjects, found that the prevailing 
tendency, at least in the case of long lines, was to overestimate 
right-hand distances. In Wolfe’s experiments, free eye- 
movement was allowed, while the earlier experimenters em- 
ployed steady fixation; also Wolfe’s results applying to binocu- 
lar rather than monocular vision. Ueno (9g) has recently 
reported experiments resembling Wolfe’s both in method and 
results. 

The individual differences in length-perception which ap- 
pear in bisection experiments seem to be significantly related 
to individual differences in depth-perception, and have been 
correlated with peculiarities in the form of the horopter (3). 

(4) Systematic changes in the bisection-error with time 
have been studied by Wolfe (10) and Pearson (8). According 
to Wolfe, practice reduces the total error of bisection about 
one-quarter. Pearson found a tendency for the apparent 
mid-point to move towards the right, during a single experi- 
mental period. In addition to this ‘sessional’ change, there 
was a ‘secular’ shift towards the left throughout the whole 
series of experiments. If two sets of experiments followed 
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each other too closely, the sessional effect persisted into the 
next session. 

Apparently Pearson did not employ a head-rest to keep 
his head at a constant distance from the lines. This may 
well have accounted for the sessional change which he found, 
if the distance of his head from the paper changed slightly 
but continually during the course of the experiments. His 
results will be discussed in connection with the data of the 
present study. 

(5) Wolfe (10) has made a study of individual differences 
in bisection. He says: ‘‘Age produces less effect on the judg- 
ment of the middle of lines than might be expected. The 
total error of adults may be given as 1/80, and eighth-grade 
children are quite equal to adults. Fourth-grade children 
have an error of about 1/60. First-grade children show an 
error of about 1/40 for lines not longer than 200 mm. On the 
average there is practically no difference in the ability of men 
and women to mark the middle of horizontal lines. . . . The 
constant error in horizontal lines is largely an individual 
matter. In the longer lines, however, there is a decided 
tendency to overestimate the right half. In the shorter lines 
this tendency is less noticeable on the part of the men, while 
in case of the women it is reversed, that is, the left half is over- 


estimated.”’ 
METHOD AND RESULTS 


In the experiments which are now to be reported, special attention has been given 
to characteristic individual differences. At the same time, a comparison has been made 
between the results of binocular bisection experiments, and those of monocular experi- 
ments with each of the two eyes. In this connection, the factor of eye-dominance has 
been taken into account. 

Six adults (D.A., S.B., E.D., M.P., X.Z. and L.C.) and three children (L.B., 
M.L., and M.B.) acted as subjects. . 

Five straight black lines of lengths 5, 10, 25, 37.5 and 50 cm were printed on large 
sheets of white bond paper. The paper was chosen so that the inking of the lines would 
be as uniform as possible. The sheets were 46.5 X 56.5 cm in size, in order that the 
end of no line would be close to the edge of the paper. 

In every case the subject was seated facing the light to ensure symmetry of il- 
lumination. The sheets were placed in front of him, in such a manner that the line of 
sight was approximately perpendicular to the lines to be bisected. All lines, except the 
one being bisected, were covered, and the covering sheets were kept as far as possible 
from the line and parallel to it. Marks were made on the table, and after each line was 
bisected, the sheet was moved up so that the next line came opposite the marks. In 
this way, the inclination from the vertical was kept approximately constant. 
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A chin rest 50 cm long was employed, so that the distance of the eye from the line, 
and consequently the angle subtended by the line, remained constant. For the various 
lines this angle varied between 0.1 and 1.0 radian. No restriction was placed on eye- 
movements. 

In each sitting, a set of 300 bisections was made. These sets were not interrupted 
for more than a few minutes’ rest, except when absolutely necessary. Both eyes were 
first used together, then the right and then the left alone. The eye not in use was 
shuttered by a dark piece of cardboard fitted into a goggles frame. 

The subject marked the apparent mid-point with a sharp pencil which he was 

nstructed to hold so that the point projected some distance beyond the hand, since the 

destruction of symmetry, when the hand was near, seemed to have some effect. All 
marks were made with the hand moving away from the subject in order that it might 
not cover the line at any time. The pencil was not held with the usual inclination to 
the right, but rather perpendicularly to the line which was to be bisected. 

At least one complete set was secured from each subject, and for most of the 
subjects, three or four such sets. For each bisection, the left segment of the line was 
measured, as a percentage of the total length of the line. Values less than 50, therefore, 
indicate a deviation to the left, and those greater than 50 indicate a deviation to the 
right. The means of 20 observations of each of the five lines, for each of the three 
eye-conditions, were taken, and are given for each observer in the table. Figure 1 
shows the means for each line and each eye-condition, as obtained for each subject, from 
all sets made by him. 

The probable error of the mean was determined for each set of 20 observations. 
The means of these probable errors are given in the table, as well as means of them 
themselves for different groupings of conditions. 

It generally has been assumed that both eyes together will bisect a line more ac- 
curately than either alone. To test this, the probable errors of each subject have been 
averaged for all five lines together and are shown as the bottom rows of each section of 
the table. 


RESULTS AND CONCLUSIONS 


1. There exist for lines of different lengths rather large 
systematic differences in the estimated points of bisection, 
made by any one subject. In some cases, these amount to 
20 times as much as the probable errors involved. Any 
study based on one length of line only is seriously incomplete. 

2. For any one line, the differences of estimation for differ- 
ent eye-conditions usually are large. This is especially true 
for the shortest and the longest lines, where the differences 
are sometimes 15 times the probable errors. A very striking 
exception to this rule is found in the case of the child, L. B. 

3. In general, there is a strong resemblance between sets 
made by a given subject on different days, but there are also 
differences between these sets far greater than the probable 
errors determined for the set-means. ‘These relationships 
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verify the conclusions of Pearson (8), that there is a persistent 
bias of the subject through long intervals and that there are 
other biases which persist a few hours only. 

4. The curves of means show that, in general, the results 
for the two eyes together are in no sense a mean of those for 
each singly. For S. B., the right eye and both eyes have 
closely similar curves (see Fig. 1, S. B.), while the curve for 
the left eye deviates strongly from the others. For most of 
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the other subjects, Fig. 1 shows that ‘both’ follows one of the 
eyes quite closely for short lines but may change to the other 
for long lines. In some cases, ‘both’ does not lie between the 
two monocular curves, but far to one side. This rule has 
exceptions in the case of young children. 

5. Figure 3 shows that dispersions for both eyes are 
approximately the same as for each separately. ‘This is sur- 
prising when one has listened to the remarks made by the 
subjects regarding the uncertainty felt by them when one eye 
is shuttered. 

6. The facts stated in (4) and (5), although not proving 
this conclusion, indicate that bisection of lines is not at least 
for most subjects, primarily a binocular function. We havea 
rather closely analogous case to sighting a gun, which is a 
monocular function. 

7. Ocular dominance does not seem to affect the dis- 
persions. In four cases, the eye which is dominant, accord- 
ing to test with the Parson manoptoscope, has the smaller 
dispersion; in three cases the non-dominant eye has the smaller 
dispersion; and in two cases the dispersions are equal. This 
is at variance with the results obtained by Kundt (6), who 
says the errors of the right eye are twice those of the left. 
But it must be noted that he used only one length of line, 1o 
cm, and paid no attention to ocular dominance. Possibly 
Kundt’s left eye was dominant. Moreover, as the data of this 
study will show, results that are true for one length of line or 
for one subject may well be contradicted by another set of 
measurements. In the case of E. D., there was disagreement 
between different criteria of dominance. According to the 
report of his oculist and according to our own tests with the 
manoptoscope, his right eye is dominant, yet he uses his left 
eye for sighting when at rifle practice. His binocular curves, 
especially for the longer lines, follow closely that of the right 
eye. Inthecase of four out of the other five adults the binocu- 
lar curve follows the curve for the non-dominant eye, and 
follows it especially closely for the longer, lines. Although 
we have too little evidence to draw certain conclusions, there 
is an indication that binocular bisection, in the case of adults, 
is usually controlled by the non-dominant eye. 
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In children, the slight amount of available evidence points 
to the reverse. This may indicate a phase of development of 
binocular vision. ‘These two possibilities are merely men- 
tioned here to show one direction which further investigation 
may take. 

8. The results give a good deal of weight to an hypothesis 
that the adult uses the two eyes for quite different purposes. 
It may be indicated that he uses one habitually to grasp 
details within the field of vision and the second to place the 
image spatially. It is difficult otherwise to see why both 
eyes together should so commonly follow one of the eyes, 
instead of some sort of mean between the two separately. 
Especially is it difficult to see why the binocular estimates 
should follow the non-dominant eye with some exactness. 

g. Figure 2 shows a feature that may be useful in mental 
testing. D. A. is a mature physicist, S. B. is a graduate 
student specializing in physics, and L. C. has had considerable 
experience in physics-laboratory work. For these subjects, 
the difference in dispersion between the short and long lines 
is far less than in the case of the other subjects, and the dis- 
persions themselves are very low. For D. A., the curve of 
dispersions is almost a horizontal line. M. B., M. L., and 
L. B. are children with mental ages from II to 12 years and 
chronological ages from 93 to 11 years. In each of these three 
cases the dispersions are extremely large for the shortest lines, 
but decrease rapidly with length of line, until for the longest 
lines, they compare favorably with the dispersions of adults. 
(Note in Fig. 1 that the M. B., M. L., L. B., and X. Z. curves 
approximate more and more closely to the adult type of curve 
according to the order of their mental ages on the Stanford- 
Binet tests.) The analysis of the dispersions shows that 
Weber’s law holds rather well, at any rate for the more highly 
trained adult, within the range of lengths used in this experi- 
ment. However, Weber’s law breaks down entirely in the 
case of children. 

10. The cases of M. P. and X. Z. are especially interesting. 
M. P. is a graduate student in modern languages, with an 
unusually high scholastic record. Her dispersions are inter- 
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mediate between those of a child and those of the subjects 
who have had experience in laboratory technique. X. Z. is a 
university senior specializing in social science, with an I.Q. 
(Stanford-Binet) between g0 and 95. She has great difficulty 
with college mathematics and has avoided exact sciences and 
laboratory work (knowing her own weakness). Her disper- 
sions, and the shape of the curve derived from them, are al- 
most identical with those of the three young children. It is 
impossible with the information at hand to decide between the 
hypothesis that the training received by laboratory experi- 
mentation decreases dispersion and the hypothesis that dis- 
persion measures capability in that typeof work It is hoped 
that it may be possible at a later date to have sets made by 
many students in physics-laboratory sections at the begin- 
ning and at the end of the term. Decrease in dispersion 
would establish the former hypothesis, while negative correla- 
tion between dispersions and success in the course would 
support the latter. It is quite important that this be done, 
since there is an indicated possibility for a test of a phase of 
intelligence which is not well considered in standard test. 
If a high correlation were found, it might be of value in select- 
ing workers for certain mechanical trades. 

11. With only two exceptions (both children) the apparent 
mid-points show a drift to the left between the 5 and 10 cm 
lines. For most subjects, there is a later drift to the right as 
we go to the longest lines. It would take observations of 
many more adults to establish this as a general rule. Atten- 
tion must be called to L. B., aged 11 years, who starts with an 
extreme left bias and consistently moves farther toward the 
right, as longer lines are used. She not only deviates in this 
manner from adults, but also has almost identical curves for 
the three eye-conditions and extreme consistency in results 
from day to day. ‘Tests of this remarkable child should be 
made each year, in order to study the way in which her esti- 
mations will approach those of adults. 

12. Lack of ability to sustain attention is one of the 
characteristics commonly found with a low I[.Q. Although 
the I.Q. was not determined for all of the adults, X. Z. is the 
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only one who would rate below 100 or 110. Her dispersions 
were not due in most cases to an unusual number of large 
errors, but to a few errors of extreme magnitude. For ex- 
ample, in set III, 5 cm, left eye, the mean of the set is 51.4 
percent, but one of her values is 41.0 percent. The next larg- 
est error is about half that of this judgment. In watching her 
work, one could have no doubt of her intention to perform the 
task satisfactorily, yet her attention was so unstable that, 
although she systematically made the right segment shorter 
than the left, nevertheless in one case, she made that segment 
nearly 50 percent longer than the left one. This is all the 
more striking when one notes that 12 of the series of 20 judg- 
ments to which this case belongs had deviations from the 
mean of less than 2 percent. Sustained attention is a neces- 
sity for uniformly small dispersions in this problem, and it 
will be important in further work to determine how closely 
dispersions correlate with other criteria of the ability to sus- 
tain attention. It is interesting to note that in physical- 
laboratory work, undivided and continual attention is the 
first requisite for success. 


(Manuscript received June 4, 1934) 
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GENERAL SUMMARY OF OBSERVATIONS 


Data given are means for each set of 20 observations of the percent of the whole 
line included in the left hand estimate. Initials refer to observer. The probable errors 
given are the means of the probable errors of the individual sets of 20 observations. 

















Observer 
S. B. ~ © D. A. 
Dominant eye left Dominant eye left Dominant eye right 
Both | Right | Left Both | Right Left B th] Right Left 
5 cm 
ae Serre §1.16 | 50.88 | 51.82 | 50.94 | 49.40 | 51.02 | 50.86 | 50.81 | 51.42 
— Saeerre 51.12 | 50.96 | 51.42 | 49.98 | 50.79 | 49.14 | 50.80 | 50.53 | 51.01 
ere 50.93 | 51.04 | 51.28 | 50.62 | 49.40 | §2.15 | 50.48 | 50.46 | 50.75 
_ Se ere 50.91 | 51.08 | 51.14 | 50.80 | 49.85 | 50.65 
ee ee 51.03 | 50.99 | 51.42 | 50.58 | 49.86 | 50.74 | 50.71 | 50.60 | 51.06 
Pes sen dbdedas 0.145] 0.139] 0.152]00.144] 0.172] 0.166] 0.075] 0.09 | 60.082 
10 cm 
> eee 50.28 | 50.25 | 50.82 | 50.02 | 48.96 | 49.72 | 49.88 | 50.03 | 50.50 
| eer ee 49:75 | 49-94 | 50.58 | 51.54 | 50.55 | 51.52 | 50.20 | 50.23 | 50.68 
III. —r 49.80 | 49.96 | 50.66 | 50.18 | 48.83 | 51.03 | 50.09 | $0.22 | 50.50 
We sasedteons 49.90 | 49.78 | 50.57 | 49.55 | 48.62 | 49.78 
Bc keciucdées 49-93 | 49.98 | 50.66 | 50.32 | 49.24 | 50.53 | 50.06 | 50.16 | 50.56 
ee ee eee 0.092} 0.117} 0.129] 0.131] 0.141] 0.147] 0.070] 0.084] 0.084 
25 cm 
Oe Bicekscdass 50.76 | 50.64 | 50.78 | 50.06 | 50.15 | 50.76 | 49.64 | 49.80 | 49.88 
ear §0.51 | 50.25 | 50.61 | 49.64 | 50.18 | 50.08 | 49.72 | 49.68 | 49.62 
re 50.52 | 50.59 | 50.81 | 49.98 | 50.15 | 50.02 | 49.62 | 49.96 | 46.64 
va sdeasten 50.46 | 50.28 | 50.36 | 48.89 | 49.35 | 49.64 
ee 50.56 | 50.44 | 50.64 | 49.64 | 49.96 | 50.12 | 49.66 | 49.81 | 49.71 
Pe ethimecekea 0.106] O.11I] O.110} 0.116] 0.148] 0.146] 0.082] 0.093] 0.088 
37-5 cm 
a eee ay 50.42 | 50.94 | 51.07 | 50.16 | 49.53 | 50.79 | 50.59 | 49.20 | 50.95 
ere, 50.48 | 50.49 | 50.71 | 49.82 | 49.46 | 49.64 | 50.12 | 49.36 | 50.84 
eee 50.50 | 50.70 | 51.30 | 49.28 | 49.12 | 49.84 | 50.03 | 49.64 | 51.46 
eres 50.64 | 49.83 | 50.30 | 49.46 | 48.68 | 49.90 
PE eaecaena 50.51 | 50.49 | 50.84 | 49.68 | 49.20 | 50.04 | 50.25 | 49.40 | 51.08 
P.E............| 0.147] 0.140] 0.150] 0.136] 0.128] 0.144] 0.095] 0.104] O.1II 
50 cm 
ae peepee: 50.07 | 49.87 | 50.82 | 49.32 | 49.18 | 51.34 | 50.39 | 49-40 | 51-07 
errs 50.33 | 50.50 | 50.84 | 48.48 | 48.80 | 48.60 | 49.91 | 49.14 | 50.27 
are 50.70 | 50.32 | 51.30 | 48.73 | 48.66 | 49.55 | 50.44 | 49.68 | 50.46 
. Serer 50.36 | 50.19 | 50.62 | 49.32 | 48.77 | 50.88 
Pine xemscdind 50.36 | 50.22 | 50.90 | 48.96 | 48.85 | 49.91 | 50.25 | 49.41 | 50.60 
P.E............] O.11Q] 0.144] 0.113] 0.138] 0.155] 0.145] 0.109} 0.091] 0.076 
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GENERAL SUMMARY OF OBSERVATIONS—Continued 











E. D. 
Dominant eye right 








Both 
5 cm 
a Rear. 50.76 
are 50.91 
err 50.94 
stew sen kas 50.87 
r. = 0.175 
10cm 
oe rere 50.40 
Il. ...| 50.10 
epee 50.16 
ee 50.22 
a 0.193 
25 cm 
eer 49.36 
II. ..149.56 
eee 49.98 
err 49.64 
P. F 0.134 
37.5 cm 
OM Biseicdxsas 48.37 
er 49.35 
ae 49.48 
he 6aé6k eee 49.13 
oe 0.165 
50 cm 
ere 49.48 
rere 49.24 
_ epee. 49-70 
ins 2 siceh ew 49.47 
i. oo 0.169 











Left 


52.65 
50.00 
51.40 
51.35 
0.477 
51.05 
51.48 
52.92 
51.81 


0.333 


50.70 
49.80 
50.18 
50.23 
0.206 
50.40 
48.85 
51.59 
50.31 
0.158 


50.64 


49.16 
51.68 


50.49 


Observer 
M. P. X. Z. 
Dominant eye right Dominant eye right 

Right Left Both | Right Left Both | Right 
50.38 | 51.86 | 48.25 | 46.40 | 48.15 | 52.15 | 52.95 
50.86 | 51.52 55-50 | 49.50 
50.38 | 51.56 §1.85 | 50.65 
50.57 | 51.65 53-17 | 51.03 
0.182] 0.178] 0.303} 0.207] 0.334] 0.283] 0.319 
50.92 | 51.80 | 47-40 145.95 | 49.98 | 50.30 | 50.90 
50.18 | 51.48 51.85 | 49.42 
50.85 | 52.06 50.50 | 51.38 
50.65 | 51.78 50.88 | 50.57 
0.206] 0.204] 0.268] 0.300] 0.295] 0.324] 0.293 
49.98 | 51.09 | 49.85 | 48.76 | 48.39 | 49.96 | 50.78 
49.85 | 50.34 50.11 | 49.55 
50.17 | 50.64 48.84 | 50.59 
50.00 | 50.70 49.64 | 50.31 
0.156] 0.141] O.181] 0.220} 0.204] 0.233] 0.155 
48.91 | 51.26 | 49.26 | 48.06 | 49.50 | 49.70 | 50.74 
48.87 | 50.16 49.64 | 49.18 
48.81 | 50.94 50.28 | 49.90 
48.86 | 50.79 49.87 | 49.94 
0.169] 0.196} 0.202] 0.155] 0.197] 0.194] 0.130 
49.06 | 50.64 | 49.85) 48.34] 49.72 | 49.50 | 50.66 
48.98 | 50.96 : 49.04 | 48.68 
49.10 | 51.41 51.06 | 49.96 
49.05 | 51.00 49-87 | 49-77 
0.176} 0.172] 0.153] 0.141] 0.155] 0.206] 0.120 




















0.163 
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GENERAL SUMMARY OF OBSERVATIONS—Continued 





Observer 





Dominant eye left 


M. B. 


Dominant eye right 


M. L. 


Dominant eye right 











Both | Right | Left Both | Right | Left Both Right | Left 
5 cm 
ee ae 43-4 144.7 143-3. 150.4 |51.6 |50.0 |46.8 [45.8 | 47.0 
pea asc aon 41.6 | 43.0 | 43.2 |47.4 |46.8 | 48.0 
eee 43-9 143.4 | 43.0 
Mes icaeese 43-0 | 43.7 143-2 | 48.9 149.2 | 49.0 
7 Serer rr 0.377] 0.411] 0.342] 0.502] 0.716] 0.542] 0.624] 0.583) 0.663 
10 cm 
OR Deaivacnsncs 43-6 143.7 144.3 148.8 |46.9 |46.5 | 48.0 146.4 | 47.9 
rere 42.6 |42.9 | 43-4 145-9 145-6 | 47.0 
eee 43-5 144.3 144.9 
Or 43-2 143.6 144.0 147.4 | 46.2 | 46.8 
at eee ee 0.317| 0.297] 0.290] 0.368] 0.373] 0.496] 0.413] 0.212] 0.416 
25 cm 
a rer 46.7. 147.0 | 47. 47.3 |49-4 |47-0 |47.7 147.5 | 48.4 
Pe 44-4 [44.1 145.2 |46.3 145.2 | 45.6 
a EO 45-6 |47.0 | 45.1 
Deiat oébenses 45-6 146.0 |45.9 |46.8 147.3 | 46.3 
Pict seednnsaia 0.174] 0.197] 0.211} 0.307] 0.296) 0.296} 0.238] 0.309] 0.258 
37-5 cm 
7 ere 48.5 |47.7 148.8 |48.5 |50.1 [49.3 | 48.3 [47-7 | 49.8 
eee 45-8 145.6 |46.6 | 48.0 |47.1 | 47.1 
III. 47-0 |47.6 | 46.8 
re ae 47.1 147.0 |47.4 |48.2 |48.6 | 48.2 
ee daawaseckas 0.189] 0.194] 0.197] 0.249] 0.280] 0.277] 0.245] 0.214] 0.246 
50 cm 
ae 47-9 148.2 |48.0 |47.5 |50.5 149.3 |48-3 147-3. | 49-9 
Seen: 47-1 147.2 |47-5 |48.2 147.6 | 48.3 
eer 47-6 |48.7 | 48.0 
ee 47-5 148.0 |47.8 | 47.8 | 49.0 | 48.0 
ie éceknatess 0.150] 0.186] 0.158] 0.256] 0.244] 0.252] 0.174] 0.201] 0.146 






































THE FROIS-WITTMANN PICTURES OF FACIAL 
EXPRESSION 


BY WILBUR S. HULIN AND DANIEL KATZ 


Princeton University 


I. Description of the Pictures——J. Frois-Wittmann, in 
his study of the judgments of facial expression,! made use of 
a new and extensive series of photographs. Frois-Wittmann 
posed for the photographs and designed the series to meet 
certain standards of uniformity inthe pictures.? In all of the 
portraits the head is held in a three-quarter position. The 
head is tilted only when necessary for certain expressions. 
The face is clean-shaven, permitting the greatest possible 
evidence of the facial muscles. There is no indication of 
clothing. ‘There are no gestures by other bodily members. 
The facial expressions assumed by the model were those most 
natural to him or were imitations of those shown in other 
series of facial expressions which had already given significant 
results. The expressions were always assumed voluntarily 
and practised in a mirror before photographing. The por- 
traits were intended to represent a variety of possible and 
likely expressions, but were not intended to serve as prede- 
termined standards of expression of any particular emotional 
or subjective states; the pictures were merely stimuli to be 
characterized by the judgments of the observers. 

On the following pages are presented seventy-two of 
Frois-Wittmann’s portraits. In the arrangement of the 
pictures no significant relationship is intended between ad- 
jacent pictures or between the pictures on a page. Also, the 
numbering of the pictures is arbitrary. 

In Frois-Wittmann’s study of the judgment of facial 
expression only forty-one of the photographs were retained 
for the main experiments. In addition to these, Frois-Witt- 
mann employed pen and ink sketches of the photographs in 


1 J, Frois-Wittmann, The judgment of facial expression, this JOURNAL, 1930, 13, 
113-151. 
? The photographs were taken by Professor Harold Schlosberg. 
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some of which the individual features were combined into 
composite pictures. Only ten photographs and three sketches 
were published by Frois-Wittmann. The remainder of the 
pictures have never appeared. In consideration of the range 
and uniformity of the photographs it seems worth while to 
publish a larger number of them. 

Il. 4 Study of Non-verbal Judgments of Facial Expression. 

In Frois-Wittmann’s study of the judgments of facial 
expression the observers reported their judgments of the 
pictures in terms of descriptive names, such as ‘anger,’ 
‘dismay,’ etc. The pictures to which the same name was ap- 
plied most frequently were then grouped together. Also, 
relationships between these groups were shown through the 
presence in different groups of the same descriptive names 
which appeared less frequently than the modal description. 
The value of this method of grouping pictures according to 
descriptive names has been questioned * on the grounds that 
the names are used differently by different observers and 
therefore the names themselves represent variable items 
upon which no reliable grouping of the pictures should be 
based. In view of the possible differences in meaning at- 
tached to the descriptive names the alternate situation arises 
for consideration, namely, the direct matching of pictures 
without the mediation of language. 

In the present study the relationships judged to exist be- 
tween the seventy-two pictures shown above were investi- 
gated by means of a method of sorting the pictures into 
groups, each group representing a distinct type of expression. 
The pictures were cut apart from each other so that they could 
be handled separately. There were twenty-two observers. 
The following instructions were given: 

Arrange the 72 photographs into groups according to the number of distinct ty 
of facial expression which you judge to be represented. Place together in one gro 
those photographs which approximate the same facial expression. Make as many 
separate groupings as you think proper. Your groupings do not have to contain the 
same number of photographs. 

The results derived from the sorting of the pictures by 


3Cf. C. C. Brigham, 4 Study of Error, New York, 1932, p. § 
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of agreement among the observers on the similarity between 
any two pictures. “This agreement 1s based upon the number 
of individuals who sorted any two pictures into the same 
group. All observers agreed upon two pictures as belonging 
in the same group in only one case, namely, pictures No. 27 
and No. 2g. In 382 cases (out of a total of 1,049) only one 
observer judged two pictures as similar. 

The cases in which judgments of similarity between pic- 
tures were agreed upon by 50 percent or more of the ob- 
servers are shown in Chart I. The top horizontal line o! 
numbers and the left-hand vertical column are the numbers of 
the pictures involved in the agreements of 50 percent or more 


of the observers. (The numbers of all other pictures are 


omitted.) The figures shown within the chart indicate the 
percent of observers agreeing upon the similarity of the two 


pictures. For example, 68.2 percent of the observers agreed 
upon the similarity of pictures 3 and 5, 7.¢., 68.2 percent of the 

observers grouped pictures 3 and 5 together. 
The foregoing data are presented as an initial step in the 
establishment of standards for the Frois-Wittmann pictures. 
ra aft 
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Wittmann’s results since they are derived from a different 
method of judgment and a different statistical treatment. 
The present article introduces the Frois-Wittmann pictures 
as an additional source of material in the study of facial ex- 


pression.* 
(Manuscript received May 23, 1934) 


‘For a summary of studies of facial expression see A. Jenness, The recognition of 
facial expressions of emotion, Psychol. Bull., 1932, 29, 324-350. 








THE AFTER-EFFECT OF THE PERCEPTION OF 
CURVED LINES 


BY J. F. BALES AND G. L. FOLLANSBEE! 


I. STATEMENT OF THE PROBLEM 


The after-effects of the perception of curved lines were 
first studied by J. J. Gibson.” Gibson found that after in- 
specting a black curved line on a white background for a 
certain length of time, a subsequently seen straight line would 
appear curved in the opposite direction. This phenomenon 
was observed both when the stimulus line was fixated and 
when the eyes moved up and down the stimulus line during the 
inspection period. During the inspection period the stimulus 
curve seemed to straighten somewhat and the amount of the 
after-curvature corresponded very closely to the amount 
that the stimulus line seemed to straighten. The after-effect 
was observed following inspection periods of one to two min- 
utes although five to ten minutes gave the best results. The 
amount of curvature of the stimulus line did not greatly alter 
the after-effect. The phenomenon was found to be limited 
to the stimulated area of the visual field; however, transfer 
to the corresponding area of the other eye occurred. 

Gibson carried out several experiments in an attempt to 
throw light on the underlying basis of this phenomenon. He 
concluded that the explanation of the after-effect is not to be 
found in secondary factors such as kinesthesis, eye movement, 
unconscious inference, etc., but must lie in the nature of 
perception itself. 

It is the purpose of this paper to verify the phenomenon 
of negative after-curvature as originally reported by Gibson 
and to study the duration of the after-effect under varying 
conditions. 


1 From the Psychological Laboratory of Princeton University. 
2 J. J. Gibson, Adaptation, after-effect and contrast in the perception of curved 
lines. J. Exper. PsycHou., 1933, 16, I-31. 
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II. ProcepuRE, APPARATUS, AND SUBJECTS 

The subject was seated in a chair with his head held in a constant position by means 
of a headrest. Directly in front of him at a distance of 40 cm was a black curved line. 
He was asked to inspect this stimulus line, allowing his eyes to move freely up and 
down it. After the inspection period the stimulus was removed and a straight line 
was presented as atest. The subject was asked whether the test line appeared straight 
orcurved. If he stated that it appeared curved, the test line was bent until the subject 
declared that it appeared straight to him. The extent to which the test line was bent 
gave a measurement of the amount of apparent curvature of the test line. 

The stimulus line was a black curved line 3 mm wide drawn on a white cardboard 
(35 cm X 72cm). It was 30cm long with a displacement of 40 mm at the center con- 
vex to the left. The test line was a straight black flexible rod 32 cm long, held at the 
ends by two small white blocks of wood 30cm apart. These blocks were firmly attached 
to a white cardboard background on an ordinary drawing board. A thin white wire 
attached to the center of the flexible rod was passed through a hole in the board so that 
but two inches of the wire could be seen. By pulling this wire the test rod could be 
bent. 

The amount of after-curvature was measured on a millimeter scale on the back of 
the drawing board. Against this scale a marker attached to the wire indicated the 
amount of displacement of the center of the test line. 

The stimuli and all accessory apparatus were entirely screened in by white cur- 
tains so that distracting influences were minimized. The screen also allowed the ex- 
perimenter to measure the results out of sight of the subject. 

A total of 43 subjects were used in the entire series of experiments. 39 were de- 
partmental students in Psychology; 26 had a slight knowledge of after-effects in color 
vision and elsewhere; and 6 had a slight previous knowledge of the particular experi- 
ment. No significant difference relating to knowledge of after-effects was found among 
the subjects. 

III]. THe Experiments 


Series I— Negative After-Effect of Curvature 
Eleven subjects inspected the stimulus line for a period 
of 10 min. The after-effects as measured by the apparent 
displacement of the test line are givenin TableI. This Table 
TABLE I 


Tue Amount oF DisPLACEMENT (1N MILLIMETERS) OF THE CENTER OF A STRAIGHT 
Line FoLttowinG THE INSPECTION OF A CurvED LINE FoR 10 MIN. 


Subject Test I Test Il 
Bn 6.066 00.0666446060000000000 EE Oe 2mm 
y POUUTETELerE eee 2.5 2.5 
Ss. 2 2 
4.. O oO 
Bsc 2.25 2.5 
6.. 2 2.5 
Zoe 2.25 2.25 
er Per eee Te TT Te fe) re) 

9 2.25 2 

FO. cc cc ccccccccce ce ccce oaeay 2 

ion ke Nsasaedaeskaveens 1.75 1.5 


pi PPPS TTT E CTT 1.727 mm 1.75 mm 
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also gives the results of a second test made one week later. 
The average apparent displacement was 1.73 mm on the first 
test and 1.75 mm on the second. This closely approximates 
the average displacement of 1.67 mm found by Gibson. 

The experiment was repeated with 11 new subjects, the 
inspection period being reduced to 5 min. A second test of 
the same subjects was made one week later. The average 
results, given in Table II, show an apparent displacement 


TABLE II 


Tue Amount oF DisPLACEMENT (1N MILLIMETERS) OF THE CENTER OF A STRAIGHT 
Line FoLtowinc THE INSPECTION OF A CurveD LINE FoR 5 MIN 


Subject Test I Test II 
Pere Serer ree TT Te 1.25 mm 1.25 mm 
ith nnnterxdeocseunenexeas 1.75 2 

ks sccteerenesdceseeen 2 2 

_ Pere eT Terr eTer ee 1.75 
Witch bnaduddenbinncs fe) Oo 
itcebitcnseeatenenena 2.75 2.25 

T6690 8arcteenvecennses 2 1.25 

Wi sss es keds we euasessdall 3.25 

D4 de idadeuedas caee nee 1.75 1.75 
ee eT ee fe) fe) 
eee Te fe) ° 
tiie haha ead s 1.545 mm 1.409 mm 


slightly less than that found in the first experiment. Again 
the present study agrees with Gibson. However his report 
that the after-effect occurred in all subjects is not confirmed. 
Five subjects of the 22 used in this experimental series failed 
to report any apparent curvature of the test line. 


Series [I—Effect of Amount of Curvature 


A new group of 12 subjects was tested for after-effect 
using a curved line with an 80 mm displacement at the center 
as a stimulus. In a second experiment they inspected a 
stimulus line with a displacement of 40 mm at the center. 
Each stimulus was exposed for 5 minutes. 

The greater curvature of the first stimulus line did not 
increase the after-effect, but on the contrary diminished it 
slightly. The average after-effect of the stimulus of the 
greater curvature measured only 1.4 mm, while the average 
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after-effect of the stimulus of lesser curvature measured 1.8 
mm. Concerning this point Gibson states, “A _ strongly 
curved line did not seem to give a significantly better effect 
than a rather weak curvature.”’ 


Series III—Duration of the Negative After-Curvature 

Five experiments were carried out at weekly intervals 
on a new group of g subjects. In the first experiment the 
subjects repeated the tests of Series I with 5 min inspection 
period. In the second experiment a 30 sec interval was in- 
terposed between the inspection period and the presentation 
of the test line. During this interval the subject fixated a 
black dot on a white ground. The third experiment differed 
from the second in that the subject fixated the dot for 60 sec. 
In the fourth, the interval lasted 30 sec during which the sub- 
jects read a newspaper clipping. In the final experiment of 
this series the subjects read for 60 sec before the test of after- 
effect was made. 

The results of this series are shown in Table III. The 


TABLE III 


CHANGE IN THE Amount oF AFTeR-EFFECT RESULTING FROM THE INTERPOSITION 
OF INTERVALS OF VARYING CHARACTER BETWEEN THE INSPECTION PERIOD 
AND THE Test PERIOD 














After After After After 
Subject No. Interval 30 sec 60 sec 30 sec 60 sec 
Fixation Fixation Reading Reading 

eee 2mm 1.25 omm 2 2.25 
E-ship dod tick 2.25 1.5 I 1.3 1.75 
A ereor 2.25 1.75 1.25 2 1.5 
eee 3.25 1.75 1.25 1.75 2 
See 3 2 75 2 1.75 
SP ererrers 2.75 1.5 "£4 1.5 I 
eer 2.25 1.5 75 1.5 I 
42. 2.25 1.75 I 1.75 1.25 
iwaaknci Ga 1.25 2 1.5 
Average..... 2.5 mm 1.583 mm 833 mm 1.777 mm 1.555 mm 




















average after-effect measured immediately after the 5 min 
inspection period was 2.5 mm; with a 30 sec fixation interval 
between the inspection period and the presentation of the 
test line the after-effect dropped to 1.58 mm; with a 60 sec 








AFTER-EFFECT OF PERCEPTION OF CURVED LINES 503 


interval it dropped to .83 mm. Following the 30 and 60 sec 
reading intervals after-effects of 1.78 mm and 1.55 mm oc- 
curred. 

The after-effect is thus proved to be strongest immediately 
following the inspection period and to decrease considerably 
within 60 sec under both conditions. It is interesting that 
reading periods do not decrease the after-effect as much as 
fixation periods of equal duration. The average after-effect 
is .2 mm less following the 30 sec fixation period than following 
the 30 sec reading period. The average after-effect following 
the 60 sec fixation period is .7 mm less than that following the 
60 sec reading period. Although these differences between 
the fixation and reading periods are small, they are neverthe- 
less, thought to be significant since every subject but one 
shows a greater after-effect following the 60 sec reading- 
period than following the 60 sec fixation period. 

The present writers have no explanation for the differ- 
ences in after-effect following reading and fixation. The 
precise relation between eye-activity and visual after-images 
is not known. While after-images of color and of movement 
generally do not appear without fixation, nevertheless a quick 
movement of the eyes will bring back after-images which have 
disappeared. A theory which attempts to explain such visual 
after-effects entirely in terms of eye-movement may be in- 
adequate. The present experiment, however, shows that 
the character of eye-movements determines, at least in part, 
the nature of the after-effect. 


(Manuscript received June 2, 1934) 





